Memoirs of the Muroran Institute of Technology. Science and engineering vol.37 by unknown
室蘭工業大学研究報告. 理工編 第37号 全1冊
その他（別言語等）
のタイトル
Memoirs of the Muroran Institute of
Technology. Science and engineering vol.37
journal or
publication title
Memoirs of the Muroran Institute of















(CODEN : MKDKBC) 
tf:. 
Eヨ
THE MURORAN INSTITUTE OF TECHNOLOGY 






1¥. 1¥urozumi Prof Chief Librarian 
T. 1¥atsuda Prof. Electrical Engineering 
T. Kanazuka Prof. Industrial Chemistrγ 
H. Shirahata Asst. Prof Mineral Resources Engineering 
J. Hozumi Prof Civil Engineering 
K. Nishida Asst. Prof Mechanical Engineering 
H. Sugawara Prof !vfetalhlrgical Engineering 
H. Watanabe Prof Chemical Engineering 
H. Saito Prof Industrial Mechanical Enf{in代'nIJf{
T. Arakawa Prof. Architecture and Building Engineerinl; 
H. Tazawa Prof Electronic Engineering 
K. Nakagawa Asst. Prof Applied Material Science 
u. Baba Asst. Prof Literature 
N. 1¥atsumura Asst. Prof. Science 
K. Tagashira Prof Afech丘nicalEngineering 
(Elening Session) 
1. Shirotani Asst. Prof Applied Sci日ncefor Energy 
AIl communications regarding lhθmcmoirs should bc adclressed 10 thε じh日irman()f 
lhc comlllittee 






Effects of long-term alteration of the shell conductance on the blood 小師 隆




Heat exchange and metabolic response to gradual cooling i 小師 隆
developing chick embryos . 鈴木幸司
田 i宰 自告
若山博司
Analysis of the air cell gas-arterialized blood P02 difference of chick 小師 陵




Simultaneous acquisition of electrocardiogram. ballistocardiogram and 小師 隆
arterial blood pressure of ckicken eggs. ..... . 
鈴木幸司
田淳 陪













帆保裕一スペクトル拡散通信方式のデータ多重伝送への応用・・・・…...・H ・H ・H ・-……一 89 
島利一
秋 lJ 欄
IMPROVED FUZZY -SET TEMPERATURE DISTRIBUTION 
土手康戸CONTROL FOR ELECTRIC FURNACE …・・・・・・・・・・・・・・・・・・・・・一一....................~ "T '* 1'7 103 
本間雅美
土手康彦
MICROPROCESSOR-BASED NOVEL VARIABLE STRUCTURE 篠島政明




局所的統計量を用いたデジタル画像復元フィルタ一一………………………・安 部 嘉 123 
土手康彦
Yukio Hashimoto 
A Finite一dimensionalControl Design for Parabolic Distributed 








Ken~ichi G. Matsuoka Moment~Rotation Relation of Top~ and Seat~ Angle Conn巴ctions..... :.~.. '~':'，，~: ...~W~~.><. 163 
Wai~Fah Chen 
Sumio G. Nomachi 





板厚を離散変数とするトラス構造物の最小重量設計に関する研究……・-…杉 本博之 183 
生口と 回紀之
エキスパート・システムの土木工学への応用について………………...・...尾 崎 詞 199 
杉本博之
水産加工廃水の処理γ関する研究・・・・・....... 穂積 準 211 il又右叶1:1ミF ノi~、 yム1 
異方構造を有する砂の三次元非排水応力一ひずみ関係……・……………・・三 浦 清 235 
室蘭工業大学における波浪エネルギ一利用研究 近藤倣郎・松田敏彦
(1976-1986) の総括…………………………...・H ・・・・・・・…H ・H ・..・ H ・-谷野賢二・土手康彦ー 251 
渡部富治・奥田教海
成層被圧帯水層における溶解物質の分散に関する研究…...・H ・-・・…-・・・・藤 間 耳:t 267 
アスフアルト混合物の摩耗抵抗改善に関する実験的研究…...・H ・..…・・・・・・・新 旧 ← 授 283 
磯崎共
DBVELQPMENT OF THE RELA TIONSHIPS BETWEEN SKID 
斉藤和夫RESIST ANCE AND P A VEMENT SURF ACE TEXTURE..........................' '. ."~h • 'H 293 


























































411 3， 31) 1 ~62. 4， 学術研究発去集録(lI{j61.
Effects of long-term alteration of the shell conductance on the blood 
gases and hematological variables in chick embryos 
中沢真一・小師 隆・鈴木幸司・田 i畢 自告
Shin -ichi N AKAZA W A， Takashi KOMORO， Yukinori SUZUKI， and Hiroshi T AZA W A 
Abstract 
(1) Water vapor conductance (gH20) of the shell was widely altered at the beginning of incubation， 
and blood gas and hematological variables were determined on day 16 of incubation 
(2) Changes in blood gas tensions (Pa02 and Paco，l， hematocrit and mean corpuscular indices were 
expressed by quadratic regression equation of inverse gHゆ
(3) In connection with lowered gH20' the reduced Pa02 might contribute to increases in both cell 
count and macrocytes and concurrent hypercapnia， increase mean cell volume (MCV). 
(4) The marked increase in MCV along with small decrease in mean corpuscular hemoglobin at 
lowered gH20 accounted for prominent decreas巴 inmean cel hemoglobin concentration. The 
whole blood hemoglobin concentration was however maintained high by increased cell count. 
1. Introduction 
The gas exchange of incubated avian eggs takes place by diffusion across the eggshell. The 
diffusive conductance of the shell (G)， which is determined by effective pore area (Ap)， pore length 
(Lp)， gas diffusiOri coefficient (D) and gas capacitance coefficient (/3) as G = (Ap/Lp)・D's， is
equivalent to the convective conductance which comprises pulmonary ventilation times capacitance 
coefficient in animals having lungs (Rahn et al.， 1971; Rahn and Paganelli.l982). The previous 
study (Tazawa et al.， 1983) showed that in the diffusive transport system the hyperbolic relation 
also exists between naturally varying eggshell conductance and blood Pc02 as dose between alveo-
lar ventilation and alveolar or arterial Pc02・Forthese eggs selected from natural variation of shell 
conductance， itwas also suggested that the arterialized blood P02 (PaoJ was hyperbollically di-
minishing with decreasing conductance and the hematocrit value tended to increase. Because the 
shell conductance is altered by varying Ap more widely than natural variation， the experiment was 
designed to investigate more c10sely the effects of widely altered shell conductance on blood gas 
properties and hematological variables (hematocrit value， erythrocyte count， blood hemoglobin con 
centration， and mean corpuscular indices) of chick embryos. 
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2. Materials and methods 
Fertile chicken eggs were at first measured for length (L in cm) and maximum breadth diameter 
(B in cm) to estimate the initial egg mass (W in g) using equation， W = 0.5632 B2 . L (Romanoff 
and Romanoff， 1949). Then， the eggshell was coated with epoxy cement over the sharp end or re. 
moved along with outer shell membrane over the air cel at various sizes to provide wide range of 
shell conductance. The maximum coated areas extended over half end of the egg and the maximum 
holes over the air cel had diameter of 10.12 mm. These eggs along with intact ones (controls) 
were incubated at 380C and about 55% relative humidity for 16 days. Eggs were turned automati-
cally every 3 hours to maintain adequate gas exchange and development of embryos (Tazawa， 
1980). On days 14-15 of incubation， the water vapor conductance (GH20 in mg ・day1・torr-1) of 
individual eggs was determined using the “calibrated egg" technique as described previously (Tul 
let， 1981). For standardization， the water vapor conductance was expressed as specific water 
vapor conductance (gH-，O in mg ・day一1・torr-1 • g一1)by dividing by initial egg mass as mentioned 
in the previous studies (Tazawa et al.， 1983; Visschedijk et al.， 1985) 
On day 16 of incubation， 0.4 ml blood was sampled with Hamilton syringe (No. 750)， the dead 
space of which had been reduced to about 10μ1 by appropriately grinding down the tip of the 
plunger， from the allantoic vein or artery which was previously located by candling. Immediately 
after sampling， the blood was analyzed for Po2， Pco2 and pH with Instrumentation Laboratory 
blood gas analyzer (type 326 and 213)， for hematocrit value {Hct in %) with Compur microcentri-
fuge (MllOO) and for hemoglobin concentration (Hb in g%) and red blood cel count (RBC count in 
million' mm -3) with Microcell counter (Sysmex CC-130 and AD-241，Toa Medical Elect.， Japan). 
Using cyanmethemoglobin method， the Hb was determined for supernatant solution after hemolyz-
ed blood was centrifuged. Because blood P02 reading was decreasing exponentially with lapse of 
time after injection of blood into the electrode chamber， P02 was extrapolated from values recorded 
every minute up to 5 min of injection. Pco2 and pH were read 2 min after injection. The mean cor 
puscular indices (mean corpuscular vohime; MCV in μ;1， mean corpuscul'al・hemoglobin;MCH in pg， 
and mean corpuscular hemoglobin concentration; MCHC in ，g%) werc calculated as follows， 
MCV= 10 Hct/(RBC cvunt) 
MCH= 1.0 Hb/(RBC cvunt) 
and MCHC= 100 HblHct 
The relation between given variables was expressed by linear， quadratic or partial regression 
equation derived by the least square method目 Thesignificance of correlation between two variables 
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was ascertained by Student t~test. The significance for quadratic param巴terand individual para~ 
meters of the partial regression equation was examined by Fisher F~test. 
3" Results 
Two hundred nineteen eggs were subjected to determination of water vapor conductance， blood 
gas properties and hematological variables， in which one hundred eleven eggs had blood sampled 
from the allantoic vein and others (N = 108)， from the allantoic artery. The average mass of newly 
laid eggs calculated from length and breadth was 64.5士 2.5(SD) g (N = 219). The water vapor 
conductance (GH20 in mg・torr1・day-1) of intact control eggs averaged out to 16.7 :J 3.5 (SD， N 
=75)， which corresponded to be specific water vapor conductance (gH，O in mg ・torr1・day-1 " 
g -1) of 0.259 :J 0.051 (SD， N = 75). For intact control eggs， the values of variables determined 
for blood from the allantoic vein and artery are tabulated in Table 1. Except blood gas properties 
and mean corpuscular volume (MCV)， no variables were statistically different between vein and 
artery blood. MCV in the allantoic artery was significantly larger than that in the allantoic vein (P 
< 0.05 by unpaired t~test) 
Table 1. Variables determined for control egs. 
N。 Weight Conduc tance P02 PC02 pH Hct RBC Hb MCV MCH MCHC 
Eg Emb玄yo GH20 gH20 
(g) (g) (tor) (tor) (7.) (g7.) (~3) (pg) (g7.) 
vein 39 63.9 17.5 16.4 0.254 67 29.6 7.53 32.0 2.45 9.0 131 36.6 27.9 
全2.4 土2.2 土3.5 :10.047 全8 士6.2 主0.06 土3.4 士0.26 土1.1 "t.7 :12.2 土1.2
artery 36 64.3 18.2 17.0 0.264 18.3 38.2 7.46 32.8 2.4 8.9 135 36.7 27.2 
土2.4 土2.0 :13.4 :10.054 士3.6 :15.2 士0.05 土3.7 土0.30 :1:1.3 士9 土2.3 土1.4
total 75 64.1 17.8 16.7 0.259 32.4 2.4 9.0 36.6 27.6 
全2.4 :12.1 t3.5 土0.051 :1:3.6 :tO.28 :t1.2 土2.2 土1.3
~20 water vapor condlJctance in mg. day -1， tor ・1
-1 -1-1 gH20 specific water vapor conductance in mg.day ~.torr 'g 
RBC red blood cel count in millions ・m3ー
The water vapor conductance (GH，o) which was artificially altered ranged from 6.6 to 63 mg' 
torr -1・day-1， corresponding to the specific conductance (gH，O) from 0.105 to 0.949 mg" torr -1. 
day-1・g~-1. Fig. 1 shows changes in blood P02 and Pc02 with widely altered g!l20・P02and Pc02 of 
arterialized blood drawn from the allantoic vein (referred to as PaoっandPaco." respectively ) are 
shown by closed circles and solid regression curves. The curves are expressed by 
3 
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Pa02 = 68.3 + 1.54 gH，O -1 -0.574 gH20-Z 
(N=111) (1) 
and Paco， =12.2 + 5.23 gH，Oー lー 0.197gH202
(N=111) (2) 
where the quadratic parameters are significant at F = 
45.99 (P<0.01) and F=20.28 (P<0.01) for eqs. (1) and 
(2). respectively. For blood drawn from the allantoic 
artery. POz (Pvo，) is shown by open circ1es and broken 
regression curve and Pcoz (Pv co，) is indicated by only 
broken regression curve. The best.fit curves are express 
ed by 










可守T5.。ぺ 00 0 PV02 
•PaC02 
o .2 .4 目6 .8 
gH20 (mg.dロy-1.tor-1・9・1)
(N=108. r=0.248. P<0.01) (3) Fig. 1. Blood Po， and Pco， determind for 
219 eggs with widely altered shel 
conductances. Gas tensions arterial-
ized blood in the alantoic vein (Pao.， 
and Paco.，. N = 111) are indicated 
by c10sed circ1es and solid regres~ 
sion curves. Those of the alantoic 
artery blood (Pvo.， and Pvco." N = 
108) are shown by open circ1es and 
broken regression curve or by only 
broken regression curve. 
and PVco， =25.0 -32.1 gHzO 
(N=108. r=0.790. P<O.001) (4) 
where the correlations between gas tensions and inverse 
gH20 are significant 
Changes in pH of arterialized blood with altered gH，O 
are presented in Fig， 2. Control eggs are indicated by 
c10sed circ1es. Open circ1es plotted in a lower range of 
gHoO show eggs whose respiratory areas were reduced by coating with epoxy cement (referred to 
as conductance-decreased eggs). Those in a higher range of gH，O indicate eggs whose shell was par. 
tially removed (referred to as conductance.increased eggs). The average values with SD are shown 
by rectangle with bars for groups control， conductance-decreased and conductance-increased eggs， 
respectively. 
Fig. 3 shows hematocrit value (upper)， erythrocyte count (middle) and hemoglobin concentration 
(lower panel) determined for 219 eggs. Values for the allantoic vein blood are plotted by c10sed 
circ1es and tho.se for the allantoic artery blood. by open circ1es. The quadratic regression curve 
. (solid curve in the upper panel) expressed by 
Hct = 33.8 -1.05 gH，O -1 + 0.199 gH，o-2 (N=219) (5) 
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fits well the relation between Hct and gH，O' 7.75 
where quadratic parameter is significant at F 
二 17.80(P < 0.01). However， red blood cell 7.65 ? ? ?? ? ?count and hemoglobin concentration of blood 
are not significantly related to widely altered 
五7.55
耳11，0'Regression curves shown in the middle 
and lower panels are drawn from the quadrat守
7.45 
。ず。
ic equations of inverse gl，o whose first and 
second power parameters are not significant. 
7.35 
o .2 .4 .6 B 
gH20 (mg・day-l.torr-1・g-l)
The mean corpuscular indices are plotted 
Fig. 2. pH of arterialized blood determined for 111 eggs 
with widelv altered shel conductances. lntact 
(control) eggs are presented by closed circles 
in Fig. 4， where the allantoic vein and artery 
bloods are presented by closed and open cir 
cles， respectively. The best-fit regression curves are expressed by 
MCV = 134 -2.1 g/l，O-1 + 0.52 gll，o-2 
MCHニ 37.0-0.06 g/lβl-O O 13gfiloz 




where quadratic parameters are al significant; F=38.99 (P<O.Ol)， 10.40 (P<O.Ol) and 120.58 
(P< 0.0 1) for MCV， MCH and MCHC equations， respectively 
4. Discussion 
Control values 
Control eggs in the present study (N = 75， Table 1) have specific water vapor conductances 
which are similar to those determined previously for 395εggs (Visschedijk et al.， 1985) The aver 
age values of arterialized blood gas tensions and pH reported previously for 16-day-old chick 
embryos (summarized by Olszowka et al.， 1987) range from 55 to 71 torr for POz' from 25 to 43 
torr for Pco') and from 7.46 to 7.61 for pH. There are wide variations in average values among 
different studies and even in individual values of the present determination. The average values of 
Hct， RBC count and Hb which were previously reported for 16-day-old embryos are in a range of 
about 27 to 35 %， 2 to 2.6 million . mm <l and 8 to 10 g%， respectively (Yosphe-Purer et al.， 
1953; Johnson， 1955; Rychter et al.， 1955; Macpherson and Deamer， 1964; Romanoff， 1967; Free 







50 1980). While these three variables are in-
development， the wit)J embyronic creasmg 
40 ????mean corpuscular indices become unchanged 
30 
during the last half of prenatal period， i.e.， 
MCV has been reported to be in a range of 





3.6 MCHC， 26 to 32 g% (O'Connor， 1952; Barnes 
and Jensen， 1959; Macpherson and Deamer， 
3 
Ackerman，1970; 1967; Romanoff， 1964; 
Freeman and Misson， 1970). The average 
values of these hematological variables deter-
mined for control eggs of the present study 
? ???? ?
are al within the range of the previous re-
旦fectsof g HzO on blood resJ珂ratoηproperties
In the previous study analyzing relations 
ports. 
.2 .4 .6 .8 
gH20 (mg.day-l. tor-1. 9・1)
5 
o between naturally varying shell conductance 
Fig. 3. Hematocrit value (Hct). erythrocyte count (RBC 
count) and whole blood hemoglobin concentration 
(Hb) determind for alantoic vein blood (closed cir 
cles. N= 111) and alantoic artery blood (open cir-
cles. N = 108) of eggs with widely altered con. 
ductances. 
and blood gas tensions (Tazawa et al.， 1983) 
the relation between gHρand arterialized 
bl∞d gas tensions Was shown to be hyperbol 
ic and simultaneously it was suggested that 
the hyperbolic relation was somewhat flat-
tened due to metabolic rate which might be 
altered with gH，O values. On the basis of the 
previous measurement of O2 consumption (Tullett and Deeming， 1982)， Tullett and Burton (1985) 
assumed that the decrease in M02 with decreasing GHρ was hyperbolic and derived the quadratic 
equation of inverse GH20 for prediction of air cel P02 (PAo，). The best-fit regression equation for 
the relation between widely altered conductance and arterialized blood P02 (and PaC02) results in 
quadratic function of inverse of conductance in the present result. However， signs of the first and 
second power parameters of Pao， equation (eq.(l)) do not agree with those of PA02 equation derived 
by Tullett and Burton (1985)， suggesting the following. When eggs with increased' conductance are 
included， the change in M02 with conductance may not be expressed by hyperbolic function. In this 
6 
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(1985) sug Visschedijk et al 








ance increased above medium value 
The effect of widely altered conductance on 
M O2 remains to be investigated_ In addition， 125 
for the late chick embryos， ithas been known 









tween air cell gas and arterialized blood 
40 ? ? ? ?
?
which is attributed to the diffusing capacity 
of the chorioallantoic membrane and physiolog 
35 ical shunt of the chorioallantoic circulation 
(allantoic shunt) (Piiper et aL， 1980). These 
30 
32 factors might affect POヮ differencebet ween 
?????
?
air cell gas and arterialized blood at in-
28 
creased shell conductance. In fact， despite of 






creased (Fig. 1). In a few eggs with increased 
gH，O' Pao， remained as low as the minimum 
value of the control. suggestin耳adecrease in .2 .4 .6 .8 
gH20 (mg.day-1.torr-1・g-l)
Mean corpuscular volume (MCV)， mean corpuscu 
lar hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (MCHC) of the samぞ
eggs as for Fig. 3 
4 Fig. 
diffusing capacity and/or increase in allantoic 
shunt as air cell P02 increases above the con-
trol values 
The change in arterialized blood pH of con-
trol eggs is delimited within a range of about 
0.1 unit except 2 eggs having high gH.，O (Fig. 2). For these control eggs， the slope of relation be 
[HC03 -] and pH obtained by plotting individual values on pH -[HC03 -] diagram is 30.:1 
mM' pH-1， while in vitro buffer lines have average slope of 14.7 mM • pH-1 on day 16 of incuba 
twe巴n
tion (Tazawa， 1981). For a control range of gH.，O except a few cases of high or low value. non 
respiratory regulation of pH takes place as indicated previously (Tazawa et al.， 1983). Below and 
above this range of gH.，O' pH becomes widely scattered. Particularly， pH decreases precipitously 
with decreasing gH，O in conductance-decreased eggs. Plasma [HC03 -] is not increased so large as 





Effects of g Hヮoon hematological variables 
50 
40 ? ? ? ?
For eggs with naturally varying shell con-
ductance， itwas reported that Hct increased 
with decreasing gH，O (Tazawa et al.， 1983)ー


















old embryos， but insignificant for 16-day-old 
20 
3.6 
embryos. The narrow range of gHヮobased 
partially might vanation natural upon 
account for insignificant correlation in 16-
3 
day-old embryos of previous study. The pre-
2.4 whose conduct. sent result including eggs 
ances were artificially altered shows that de-
spite of wide scattering， Hct increases signifi-
cantly with decreasing gH20 (Fig. 3)目 Fora 
of gHヲo increasing beyond controls， 
? ?? ?? ? ?range 
however， Hct remains unchanged. The regres 
. . 






sion curve is expressed w巴Iby q uadratic 
function of inverse gH20 as it is between Pa02 
and gH，O' Not only Hct， but also RBC count 
and Hb which are insignificantly related to 
Hematocrit value (Hct)， erythrocyte count (RBC 
count) and whole blood hemoglobin concentration 
(Hb) plotted for individuai alantoic vein blood 
Pozs (Pa().，) 
5 Fig. gH20 are correlated to Pa02 (Fig. 5). The cor 
relation is expressed by the linear regression 
equation as follows， 
(15) (N=l11， r=0.621， P<O目001)Hct = 47.5 -0.22 Paハ
U つ
RBC = 2.99 -0.008 Pan 
げ 2
(16) (N=l11， r=0.358， P<O.OOl) 
(1力
Changes in mean corpuscular indices are also expressed hy quadratic equation of inverse gH，O 
(Fig. 4); below control gH20 they significantly decrease or increase with decreasing gH20' but above 
the control they change litle with increasing gH20 as does litle the change in Pa02 with gH，O・The
changes in these indices with gH20 are also mediated by Pao， asεxpressed by following regression 
(N=111， r=0.218， P<O.OOl) Hb = 10.4 -0.019 Paハv， and 
8 
equations， 
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MCV = 163 -0.46 Pa()， 







MCH = 34.2 + 0.038 Pa~ 
l.J') 
(N=l11， r=0.200， P<0.05) 
125 
(19) 
MCHC = 20.1 + 0.115 Pao 
(N=111， r=0.722， P<O.OOl) 
and 
-.・ . . ・- ・-
ー-・-'l・-・・・."・...・ヲ.: -・. .ー，.--. -・可・周・'・・・.・ JO_. .-・."-・ ..・. . 
100 
45 




MCV and MCHC are also highly related to 
Fig. 6 shows the relation between mean cor. 




Paco.， as follows， 
MCV = 118 + 0.57 Pa co.， 
(N=111， r=0.488， P<O.OOl) 
? ? ? ? ?
?
包1)
MCHC = 31.4 -0.138 Pa co.， 
(N=111， r=0.644， P<O.OOl) 
and 28 
(2) 






In consequence， MCV and MCHC are signifi. 
cantly related to both Pao， and Paco， asex-
pressed by following partial regression equa-
6. Mean corpuscular volume (MCV)， mean corpuscu 
lar hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (MCHC) plotted for indi 
vidual Pao.s 
Fig 
MCV = 146 -0.32 Pa()， 




where Pao. and Paco. parameters are significant at F=10.57 (P<O.Ol) and F=4.27 (P<0.05) for 
eq. (23) and at F=35.23 (P<O.Ol) and F=9.19 (P<O.Ol) for eq. (24)， respectively. Fig. 7 illus. 
(N=l11) MCHC = 23.7十 0.085Pa()， -0.058 Paco. and 
trates the partial regression equation (eq.(23)) and individually measured MCV plotted against 
PaCQ-， and Pao. on the three dimensional coordinates. The plane comprising 4 coordinate.points. 
(10，30，139)ー(50，30，150)ー(50，90，131)ー(30，90，125)，is expressed by eq. (23). The MCV measured. 
which is larger than the value calculated from eq. (23)， isshown by c10sed circ1e and the differ. 
ence from the plane is indicated by solid line. The open circ1e shows measured MCV which is 
9 




、 ? ， ， ，? ??????， ， ? ? ???
??
(N:111) 
Fig. 7. Three dimentional presentation of mean corpuscular volume (MCV) in relation to arterial 
ized blood P02 (Pao，) and PC02 (Paco，) 
smaller than the value predicted from eq. (23)， and the broken line indicates difference from the 
plane. The mean corpuscular volume is increasing with hypoxia and concurrent hypercapnia a，.nd 
correspondingly the mean corpuscular hemoglobin concentration is decreasing. 
Effects of ambient hypoxia on the erythrocytes of chick embryos have been reported to be differ. 
ent results. In embryos older than 16 days of incubation the continuous exposure to 15 % O2 ex. 
erted a stimulatory effect on Hct and Hb which exceeded those of the controls， but neither MCV 
nor MCH were affected (Jalavisto et al.， 1965). The results suggest that 15 % O2 induces erythro. 
poiesis without discharging macrocytic precursors into the circulating blood. On the other hand， a 
1.day exposure to 13 % 0フ causedan increase in not only Hct and Hb， but also erythrocytic 
volume in embryos analyzed on days 15 and 17 of incubation (Ackerman， 1970). 8ased upon in 
spection of erythrocyte stage， Ackerman suggested that the enlarged MCV was due to a large num 
ber of circul昌tingprecursorstages 
The MCV which enlar耳edwith decreasing gl!，() in the present experiment might also be attrib 
10 
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uted in part to circulating macrocytic precursors as a result of stimulatory effects of hypoxia on 
erythropoiesis. In addition， impediment of gas exchange due to decrease in gl!.o causes an accu-
mulat ω n ofCO2 in the egg， which i 町 reases intra-erythrocytic [HC03 -Jcausing 巴印n凶larg伊伊f引n悶
cell volume due tωo inward shif仕tof wa抗te白r阻 Theeffect due to increased CO2 on erythrocyte volume 
may also account for enlarged voωlume of the allantωOlC aωrt臼eryerythrocyte of control eggs. The en 
largement of erythrocytes due to increased CO2 however affects neither Hct nor cell hemoglobin 
concetration in control eggs (Table 1). 
The enlarged MCV at decreasing gl!心， which may be attributed to both hypoxia and hypercap-
nia， on the other hand， contributes to the increase in Hct. The increase in Hct with decreasing gILQ 
is simultaneously attributed to erythrocyte count which is increased by hypoxia as a result of stim 
ulatory effect on erythropoiesis. The Hct is highly is related to MCV and RBC count as expressed 
by following partial regression equation， 
(170， 3.6， 57} 
(170，1.8，33) 
1.8 
RBC count (miUions.mm-3) (N=219) 
Fig. 8. Three dimentional presentation of hematocrit value (Hct) in relation to mean corpllSCU 
lar volllme (MCV) and erythrocytεcount (RBC count) 
1 
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Hct = -34.1十 0.25MCV + 13.65 RBC (N=219) 白日
where MCV and RBC count pararneters are significant at F = 17126 and F = 34661.respectively. 
Fig. 8 shows the Hct plotted on the 3 dirnentional coordinates as a function of MCV and RBC nurn-
ber. The plane enclosed by (170.3.6.57)-(100.3.6.40)-(100.1.8.15)-(170.1.8.33) represents partial 
regression equation (eq.(25)目 TheHct which is larger than the valu巴calculatedfrorn eq. (25) is indi 
cated by closed circle. The Hct which does not reach the average is shown by open circle. The de-
viation frorn this plane is indicated by bar and alrnost al the Hct value is located close to the 
plane. The plot indicates that while there is no correlation between RBC count and cell volurne. 
each of thern contributes to an increase in Hct 
Effects of possible dilution or concentration of the plasrna volurne caused by changing gl!.，u are 
not evident for changes in hernatological variables. 
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Heat exchange and metabolic response to gradual 
cooling in developing chick embryos 
奥田 篤・小師 隆・鈴木幸司・田津 自告
ATSUSHI OKUDA. T AKASHI KOMORO. YUKINORI SUZUKI. AND HIROSHI T AZA W A 
Abstract 
(1) The large heat conductance of incubating eggs indicates that heat loss upon step-function exposure to even 
mild cold (1-2'C difference) exceeds metabolic heat production of developing embryos 
(2) Determination of O2 consumption during gradual cooling of the egg suggests that a weak metabolic re-
sponse emerges at about day 18 of incubation 
(3) After external pipping. the metabolic response to gradual cooling is stronger. The embryo need not emerge 
from the egg for the compensation to occur 
(41 Thiourea which antagonizes the metabolic effects of thyroid hormones impaires this metabolic response 
(5) We suggest that precocial hatchlings in 0110 may exhibit incipient endothermic homeothermy. Full 
homeothermy may be prevented by the low gas conductance of the eggshell. effectively“throttling" the 
embryo's heat production capacity. This is a constraint altricial birds probably never experience 
1. Introduction 
There is no doubt that chickens are dominantly poikilothermic during embryonic stages and de-
velop a marked capacity to maintain body temperature after the time corresponding to hatching 
(Romijn and Lokhorst. 1955; Freeman. 1964. 1967; Wekstein and Zolman. 1967; Tazawa and 
Rahn. 1987). When it comes to the emergence of metabolic compensation to cooling during 
embryonic development. experimental results are ambiguous. It has been reported that when 
embryos reach 19 days of incubation. they respond to cold with a transient increase in O2 con 
sumption (Freeman. 1964). while in other reports (Romijn and Lokhorst. 1955) this apparent 
metabolic compensation does not appear. even in the full term embryo. Rather. O2 consumption de-
creases upon cold exposure. reacting to cooling as younger embryos do. To examine the metabolic 
response of developing embryos to cold. a magnitude of cold relative to a metabolic heat produc-
tion of embryos may be substantial. The present study was therefore designed. at first. to estimate 
the magnitude of heat conductance of eggs which allows the heat loss upon cold exposure to exceed 、
the metabolic heat production. Secondly. based on the result of the first experiment. the gradual 
cooling procedure was designed to make the difference between hcat loss upon cooling and heat 
15 
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production very small and examine whether or not a metabolic compensation to cooling emerges 
before hatching. The result suggested that the metabolic response emerges before hatching. Fur. 
thermore， ithas been reported that the thyroid hormone is involved in the thermoregulation of 
newly hatched chicks， which further prompted us to examine if the thyroid hormone is related to 
this metabolic response of embryos. The third experiment was therefore designed to determine the 
metabolic response of embryos which were given thiourea antagonizing the metabolic effects of 
thyroid hormones. Lastly， we envisioned the transition from poikilothermy to homeothermy in pre. 
cocial and altricial birds 
2. Methods and materials 
Determinati仰 ofegg heat conductance Fertile chicken eggs were incubated at 380C in a forced 
draft incubator. One day prior to measurement of egg temperature， a calibrated cupper.constantan 
thermocouple， 0.8mm in diameter， was implanted 1cm inside the egg. The egg， along with its ther 
mocouple， was returned to the incubator. The temperature was measured to O.lOC (model BAT8， 
Instrument Lab.， U.S.A.). The following day， the equilibrium temperature of the egg in the 380C in. 
cubator was recorded and then the egg was moved to a 280C chamber. The egg temperature was 
continuously recorded during the next 5 hours. The cooling curve to this step.function change in 
ambient temperature was used for calculating the egg heat conductance. When the cooling curve is 
approximated by Newton's law of cooling， the coefficient of cooling rate (k) can be calculated from 
egg temperature at time t (T(t) as follows， 
k=ー (lIt)lnIT(t)-(Tex +ムT;l]/IT。一(T目+ムTi)] (1) 
where To is equilibrium temperature of the egg in 380C ambience，ムTjis temperature difference 
between egg and ambience and Tex is exposing temperatllre. The reciprocal of k is a thermal time 
constant (τ) which is given by a product of heat resistance (R) and heat capacitance (C) of the egg 
(r = RC). Suppose the heat capacitance (C =ρ.c.V， where p =egg density (1.035g/cm¥ c=spe 
cific heat (0.8 cal/(g・OC))and V=egg volume (60cm3) is 50 calrc， the heat conductance (G=l/R 
in cal/(min・。C))is approximated from thεcooling rate coefficient mllltiplied by 50. The value was 
converted to SI units (m W /oC) dividing by 14.32 X 10 -3. 
Determination of oxyg叩 consumttionduring gradual cooling The oxygen consumption (M O2) was 
measured with a modified Scholander and Edwards respirometer (Scholander and Edwards， 1942) 
which was submerged in the thermostatted water bath (45 X 45 X 30cm¥ Gradual cooling of the 
egg was accomplished by turning off the temperatllre reglllator of this water bath. The average 
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cooling rate coefficient of the water bath plus eggs was 0.180C/ (hr・'c)and it took 7-8 hours to 
cool to room temperature. This procedure made the difference between the heat loss estimated 
from the egg heat conductance and the heat production small 
The egg respirometer consisted of two plexiglass chambers of equal size， connected by a water-
filled U・shapedmanometer. The experimental egg， along with a KOH solution， was placed in one 
chamber and a non-living egg was placed in the other (compensating chamber). When the water 
bath was allowed to cool， the temperature change in the egg of the experimental chamber was com-
pensated by that of the non-living egg， which had similar cooling time constant. Furthermore， the 
thermocouples installed in both egg chambers recorded temperatures continuously and showed no 
significant difference during the cooling phase. As embryos consumed O2， the level of water in the 
manometer was displaced， which was periodically corrected by injecting O2 during 10 or 20 min 
The time and volume of O2 injected were recorded and a regression equation was calculated for 
the variables after the volume was reduced to STPD. The M02 was given by a slope of regression 
equation and the value was expressed in IIday 
Administration 0/ thiourea Treatment of eggs with anti-thyroid hormone (thiourea) followed Witt 
mann et al. (1984). A 50 
mg-thiourea was solved 40 
in 5 ml-saline. On day 
17 of incubation， a small 38 
hole was made in the 
巴ggshell and 0.25 ml-
ι。236 
} 
thiourea solved saline 三q‘ー~ 34 
(32.8 micromol thiourea) βceE ‘-L ，， 32 
was injected into the 
allantoic fluid. The hole 
30 
was covered with glue 











Exposure Time (hours) 
Heat conductωtce 0/ the 
egg Examples of cooling 
curves in the developing 
Fig. 1. Some representative cooling curves for eggs of different ages (in days) and 
non-living egg cooled by “step-function" method. The half time (ty， in min) 
of responses is shown above the individual curves 
embryo and non-Iiving 
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egg which were exposed to step-function decrease in ambient temperature are shown in Fig_ 1. Due 
to the metabolism. the egg equilibrium temperature in 380C (referred to as To) was higher than the 
ambient. a difference of which increased with embryonic age (referred to as Ll TJ The non-living 
(dead) e.邸 had.on the other hand. equilibrium temperature below the environment because of evap-
orative heat loss and lack of metabolic activity. Upon exposure to low environmental temperature 
(referred to as Te.). the egg cooled exponentially and 4-5 hours later egg temperature reached a 
plateau (referred to as the quasi-equilibrium temperature). The cooling rate coefficient was calcu-
lated from eq. (1) and the time constant (reciprocal of cooling rate coefficient) is shown in Table 1 
along with Ll T j • The heat conductance (G) was approximated by dividing the heat capacity by time 
constant (Table 1). 
-
Metabolic restQnse to gradual cooling Eighteen eggs. ranging in ages from 12 days to externally 
pipping. were subjected to measurement of M02 during gradual cooling. The measurement of M02 
was repeated for some eggs on different incubation days. The metabolic responses to gradual cool-
ing which were determiQ.ed for embryos before external pipping were sorted out into two groups 
based upon the following criterion in order to discriminate development of responses. The crite-
rion used for discrimination was the oxygen consumption which was decreased below or main-
Table 1. Summary of results from step-function cooling experiments. 
Age 12 13 14 17 18 19 E 
(days) 
Measured quantities 
No. 2 2 2 6 6 7 9 
OTi 0.55 0.75 1.0 1.7 1.9 1.8 2.2 
(OC) :10.4 土0.2 士0.4 士0_3
τ 47.6 45.0 44.6 42.1 41. 2 41.3 41. 2 
(min-1) 士4.0 士3.6 :1:1.3 士4.2
Ca1cu1ated quantities 
G 63.2 68.2 68.2 72.6 73.9 73.9 74_1 
(mW.・c1) :16.2 土5.9 :12.8 土7.6
q 34.8 51.0 68.2 121.4 136.7 131.6 163.4 
(mW) 士29.9 :121.0 士30.4 :121-5 
目。2 0.16 0.23 0.31 0.56 0.63 0.60 0.75 
(1・day-1) 土0.14 :10.11 士0.15 士0.13
E externa11y pipped eggs 
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tained within 95% of the Exposure Time (hours) 




















this group are two 12-day， 
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2.a. Oxygen consumption for eggs cooled by the “gradual cooling" method 
Dotted area indicates O2 consumption maintained within 95% of con 
trol value despite a 30C fal in ambient temperature 
(a) Eggs younger than 17 days of incubation (2， 2， 1 and 4 eggs for 
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(two 21-day， one 22 -day and one 
23-day old) 
4" Discussion 
Heat conductance 0/ the egg and 
C仰向ns仰 between heat production 
and heat loss upo日 cold exposu re 
During embryonic stages， eggs 
cooled with almost indentical rates， 
irrespective of developmental stages 
and even external pipping (Fig. 1 
and Table 1). The heat conductance 
of the egg approximated from the 













2 3 4 
50 
38 37 36 35 34 33 32 31 
Ambient Temperature (・C)
30 
approximately 70 m W IOC. These Fig. 2.c. (c) Eggs after external pipping but before hatching (3， 1 
values indicate that when eggs are 
exposed to 280C environment， at the 
beginning of exposure they lose the 
heat of about 700 mW 
On the other hand， because the 
equilibrium temperature of the egg 
at 380C exceeds by 6 Ti above en 
vironment due to metabolic heat pro 
duction against constant heat loss， 
the metabolic heat is estimated by 
q二斗Tz-c-M/τ
where c and M are specific heat and 
egg mass (in g). From eq. (2)， itis 
calculated that the embryo shown in 
Fig. 1 produces the metabolic h巴at
at rates of about 50. 112 and 189 












and 1 eggs for days 20， 21 and 22， respectively). The 
embryo indicated by the asterisk was stil in the shel on 
day 22 of incubation 




38 37 36 35 34 33 32 
Ambient Temperature (・C)
Fig. 2.d. (d) Eggs treated with thiourea (2， 2 and 1 eggs for days 
21. 22 and 23， respectively) 
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cubation， respectively. The metabolic heat production divided by oxycalorific equivalent (4.5 cal/ 
min， Brafield and Solomon， 1972) gives Moソatequilibium state; 0.22， 0.52 and 0.83 l/day at days 
13， 18 and 20， respectively句 forthe embryo shown in Fig. l. Th巳O2consumption calculated as 
above for embryos subjected to step-function decrease in ambient temperature are shown in Table 
1， which is approximately identical with previously observed values (Romanoff， 1967; Visschedijk， 
1968; Bissonnettc and Metcalfe， 1978; Ackerman and Rahn， 1981; Tazawa and Rahn， 1987) 
Comparison betwecn heat conductance and heat production of developing embryos suggests that 
the heat loss caused by ambient temperature drop of 11.5'C is almost comparable to the heat pro 
duction of late embryos during early period of exposure and exceed that of younger embryos. Ex 
posure to ambience whose temperature is a few degrees centigrade lower than incubator tempera-
ture causes the heat loss to exceed the heat production. Therefore， a step-function decrease in 
ambient temperature more than a few degrees centigrade may not be adequate to determine an emer-
gence of metabolic response of developing embryos to cooling， because the large heat losses may 
overwhelm it 
Restonses to gradual cooling in ambient temterature Calculation of heat loss conductance indi 
cated that the heat lost at the beginning of exposure to 0.5-1.50C step-function decrease in ambiザ
ence is almost equal to metabolic heat produced by embryos developing during last half of incuba 
tion period. This suggests the gradual cooling o"f the surrounding may make the difference between 
heat loss and heat production very small throughout the temperature transient. This“drawing out" 
of the cooling curve may make it easier to see whatever small metabolic response might occur 
This appears to occur in late term embryos. The M O2 response to gradual temperature drop is 
different in eggs of different developmental stages (Figs. 2a-2d). The Moz which decreased gradual-
ly with decrease in ambient temperature was observed in younger embryos including four 17 -day 
old ones. As embryos grew to near the end of prenatal preiod (about 18-19 days and onwards)， a 
plateau of Mo~ (defined as M02 kept within 95% of control) is evident during at least the first one 
hour of exposure， while ambient temperature decreased by 30C. Because eggs were cooled as 
second-order system， the plateau of metabolic rate which appeared in the first stages of cooling 
might be claimed not to an evidence of metabolic compensation， but a result of the second-order re 
sponse of heat exchange. This is not the c呂se，because there is no such plat回 uin Mo~ in younger 
embryos. In addition， the plateau of M O2 which appeared in near term embryos does not owe to 
their metabolism which is enhanced with age towards the end of incubation， for this enhanced 
metabolism becomes almost identical value from 16-17 days up to external pipping. 







was termed the neutral condition (ref. Fr巴eman，1964). The neutral condition has been reported 
for the paranatal embryos which were exposed to step.function decrease in ambient temperature 
by 2.TC (Freeman， 1964). In the present experiment whose cooling procedure was not made by 
step.function， lit1e change in M02 was observed already the late prenatal embryos which were ex. 
posed to temperature lowering by 30C. Romijn and Lokhorst (1955) failed to see any metabolic 
reaction in ful1 term embryos when they were exposed to step.function cooling over 30C. However， 
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Ambient Temperature (・C)ambient temperature required about 
Oxygen consumption (M02) and egg temperature changes. de 
termined at days 14 and 18 of incubation. upon gradual de 
crease in environmental temperature. The M 02 is expressed 
as a ratio (in %) to control value at 38"C. and each plot indi. 
cates the average determined for 20 min. A broken diagonal 
line shows temperature isopleth indicating that egg tempera 
ture is equal to ambient temperature. Egg temperature was 
plotted every 10 minagainst ambient temperature. 
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egg 
temperature. When a fresh egg was 
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measured for temperature 1 cm in. 
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were re 
moved， leaving only the巴ggshel1and 
after egg contents side 
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its membrane， the temperature change followed this line. Because egg chamber was saturated with 
water vapor to 100% and thus litle evaporation occurred， the dead egg temperature was the same 
as environment during equilibrium at control temperature (380C). With gradual cooling， itdeviated 
from a temperature isopleth because of large heat capacity of the egg compared with air. In living 
eggs， the temperature response curve started from further high temprature because of increasing 
heat production， but gradually decreased with time目 Afterprolonged exposure， living eggs stil 
maintained a temperature higher than the dead and the surroundings because of metabolism， 
although it was much reduced 
The metabolic responses to gradual cooling are augmented in externally pipping embryos， but 
the egg temperature is not stil sustained even during early period of cooling exposure. 
The metabolic response to cooling which is large enough to sustain egg temperature appears af“ 
ter the time corresponding ωhatching. Fig. 4 shows the M O2 and egg temperature responseωgrad-
ual cooling on day 22 of incubation. This egg was subjected to the same measurement during inter 
nal pipping on day 20. The chick was supposed to hatch one day prior to this measurement， but 
was stil in the shell until 2.5 hours later. The M02 increased upon exposure to ambient gradual 
cooling up to about 10% above the control. Initially， egg temperature was increased slightly dur-
ing early period of exposure. However， the increase in metabolism was not yet large enough to 
maintain further the temperature which was decreasing in the meantime. The precipitous decrease 
in M02 occurred when the shell was separated and again after the chick emerged from the shell， 
which implies that the augmented latent heat loss of vaporization overburdens the chick's metabol-
ic capacity for heat production. 
The effect of thiourea on metabolic rest仰 se While oxygen consumption of embryos at 380C aver 
aged out to 0.54 (N=5)， 0.56 (N=6)， 0.64 (N=4) and 0.92 (N=5) l/day for 17-day， 18-day， in 
ternally pipping and externally pipping embryos， respectively， the average M02 of thiourea treated 
embryos before cooling exposure was 0.74 (N = 5) l/day at day 21-23. The M02 of treated 
embryos become large compared with that of late prenatal embryos， while it was prevented from 
increasing compared with externally pipping embryos. Nevertheless， the response to cooling de. 
creased with time as younger embryos did (Fig. 2d)， implying that thiourea prevents from metabo-
lic compensation for cooling which begins to emerge during late periods of prenatal development. 
The metabolic compensation is thus related to thyroid hormone and norトshivering
Envisioning for the transition from toikilothermy to homeothermy The transition from a poiki 
lothermic巴mbryoto a homeothermic hatchling is a two-part process. First， the embryo's nervous 
system must be sufficiently developed， so that the coordinated neural mechanisms necessary for 
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embryo must develop the “effecters"; 
thermolytic and thermogenic the 
mechanisms， that enable the neural 
Without 
both， endothermic homeothermy is 
operate to “controllers" 
Evans， 
1957; Hissa et al.， 1983; Marsh and 
Wickler， 1982). 
and not possible (Dawson 
80 It is well known that thermoreg 
70 ulatory abilities differ between altri. 
cial and precocial hatchlings (Rick 
60 hatchlings 
apparently do not have sufficient 
Altricial 1974). lefs 
30 
metabolic capacity to defend their 
30 32 34 36 38 nor does their body temperature， 
Ambient Temperature (.C) be appear to development neural 
Oxygen consumption (M 02) and egg temperature changes of 
the chick which failed to emerge from the shel until it 
escaped on day 22 of incubation. The M02 was plotted every 
10 min. Open circles are plotted every 5 min for egg temper 
ature until chicks separate the shell. After shel separation， 
temperature drops precipitously， reflecting that the eviron. 
mental air penetrates into the eg. The M 02 is increased 
upon cooling which elevates egg temperature slightly at the 
beginning. Then， egg temperature decreases despite that M02 
is stil kept above the control. The M02 decreases in parallel 
with shel separation and again emergence from the shel， 
and levels of at about 70% of the pre.cooling (control) 
values 
4 Fig 
sufficient for anything but behavior 
lings are only capable of endother. 
al thermoregulation. Altricial hatch 
mic homeothermy days or weeks af 
ter hatching (Dunn， 1975; Hill and 
Beaver， 1982). Precocial hatchlings， 












1983)， or even immediately 
1984; (Booth， hatching 
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1984; Koskimies and Lahti， 1964): It appears that the thermore耳ulatorymechanisms of a precocial 
bird are adequately developed at hatching， needing only.to be“switched on" shortly after hatching. 
Do thεthermoregulatory differences between altricial and precocial birds extend to the embryo 
as wel? An altricial embryo certainly is poikilothermic; the transition to homeothermy always 
takes place after the embryo hatches (Dunn， 1975; Hill and Beaver， 1982). Superficially， this 
appears to be the case for precocial embryos as well. We know of no case where a precocial egg 
has been shown capable of defending its own egg temperature. When exposed to cool conditions， 
precocial eggs invariably cool， as did the eggs in this study 
Nevertheless， we believe our date show that the thermoregulatory mechanisms of chicken 
embryos actually are“switched on" several days prior to hatching， even prior to external pipping 
If an embryo has externally pipped the egg， but not yet hatched， its metablic rate goes up in re 
sponse to cooling， as if the embryo was metabolically defending its egg temperature (Fig. 2c). Prior 
to external pipping of the egg， but after the egg is at least 17 days old， the metabolic response to 
gradual cooling is a plateau in metabolic rate at the start of cooling; the metabolic rate is“uncou守
pled" from egg temperature， at least for the initial phase of cooling (Fig. 2b). This response differs 
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(b) The transition for an altricial birds. The figure is explained 
in the text 
5.b. Fig 
level of heat production this 
corr七日pondsto the egg tempera-
turc being warmer than ambient temperature by some Dlmlmum amount，ム T.This is similar to 
criteria used by others (e.g.， Dunn， 1975) to decide when altricial hatchlings may be considered 
endothermic homeotherms. It should be noted that the embryo's thermal conductance may change 
after hatching， whether because of evaporation from a wet， freshly-hatched bird， growth or insula-
tion (e.g.， Dawson and Bennett， 1981; Dawson et al.， 1976; Marsh， 1979). For simplicity，♂we 
ignore these post.hatching changes of conductance， for they make no difference to the important 
parts of our argument 
The eggshell gas conductance also may set a limit to the amount of heat an embryo can produce 
(Fig. 5). The diffusive conductance of eggshells to O2 isessentially fixed as long as the eggshell is 
intact (Paganelli et al.， 1978; for an interesting exception， see Booth and Seymour， 1987). There 
fore， the only way 0ヮfluxacross the eggshell， and presumably the embryo's heat production， may 
be increased is to increase the diffusion gradient for O2 (Visschedijk， 1980). Under “normal" con-
dition (i.e.， air at 1 atmospherε)， this means that hypoxia is the price the embryo must pay to in-
crease its heat production. Th巳reis presumably a limit to this， and this will impose a limit on the 
amount of heat an embryo in an enclosed eggs can produce (“O2 Conductance Limit"; Fig. 5). Be-
cause eggshell gas conductances of precocial and altricial birds do not differ (Ar and Rahn， 1980)， 
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this limit will be the same for both altricial and precocial embryos. 
We envision that a precocial bird's transition from poikilothermy takes place in four stages 
Each stage in the transition is characterized by its own limitations 
The first stage corresponds to most of the incubation period， when the embryo has neither suffi-
ciently developed controllers nor effecters. The metabolic rate is low， but increases as the embryo 
grows (“RESTING MET ABOLISM"; Fig. 5; Hoyt and Rahn， 1980). If the surroundings cool， the egg 
cools with it， and the metabolic rate goes down by some proportion (“COOLING MET ABOLISM"; 
Fig. 5). For chickenεmbryos， metabolism at 240C is about 40% of the metabolism at 3rc (Tazawa 
and Rahn， 1987). This change is in rough conformity with the Arrhenius limitation of temperature 
on chemical kinetics. This stage we refer to as A rrhenius-limited 
Altricial and precocial hatchlings share an Arrhenius-limited period. They differ in that altricial 
hatchlings hatch while their metabolic responses to cooling are stil Arrhenius.limited; in other 
words， they are stil poikilothermic. We are suggesting that precocial hatchlings come out of the 
Arrhenius叩limitedstage while they are stil in the egg. 
For a precocial embryo， the second stage occurs from the latter part of the incubation period to 
external pipping. During this stage， the embryo's thermoregulatory control and effecter mecha-
nisms are sufficiently developed to be operative， but are“throttled" by the low conductance of the 
eggshell to O2 diffusion. If thεembryo's resting metabolic rate is stil less than the eggshell's con-
ductance limit， a slight increase in O2 consumption might occur when the egg is cooled， but it will 
not exceed the O2 conductance limit. If the embryo's resting metabolic rate is already at the con-
ductance limit， a plateau， but no rise， in O2 consumption will be observed. This may explain the 
different results of Freeman (1964)， who saw an increase in metabolism in a cooling egg， and of 
Romijn and Lokhorst (1955)， who did not. With respect to egg temperature， ifthe throttled heat 
production is stil less than the minimum required for homeothermy， the egg stil will cool. At 
some point， the embryo's temperature may decline sufficiently to“switch off" the thermoregulatory 
machinery. Subsequently， the metabolic rate will decline in parallel with egg temperature， as it 
does when the egg's energetics are Arrhenius-limited. This stage we refer to as O2 COηductance 
limited 
The existence of an 0ワ conductance-limitedstage is predicted on there being a welldeveloped 
thermoregulatory system that would operate perfectly well if it were not throttled by the eggsh巴1.
This appears to be the case with chicken embryos， as we believe our data and those of others 
(Dawes， 1981) show. However， altricial embryos never will pass through this stage， because the 
controllers and effecters do not dεvelop sufficiently until after they have left the shell， and its pre-
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sumed throttling effect. Therefore， the conductance~limited stage should be unique to precocial 
embryos， 
After the embryo pips the eggshell， its metabolic rate is no longer throttled by the eggshell， be 
cause its gas exchange through the chorioallantois can be supplemented by breathing 02~rich air 
through the lungs. If the embryo is stil in the egg， and its egg is cooled， itcould increase its meta. 
bolic rate to the maximum it is capable of， as we observed (Fig. 2c). If the embryo's maximum 
metabolic rate stil produces less heat than that needed to offset heat loss， the egg will coo1. In 
this stage， homeothermy evades the embryo because its capacity to generate heat is not sufficiently 
great. This stage might be called tower.limited. 
A power.limited stage is one that almost al avian young will go through. Again， altricial young 
will inevitably pass through it after they hatch. Precocial young probably will pass through it af. 
ter they pip the egg externally， and it will continue for some time after they hatch. Some very well 
developed precocial young， such as ducks and waterfowl (Koskimies and Lahti， 1964)， young 
brush turkeys (Booth， 1984)， or young murrelets (Eppley， 1984) may be capable of full~blown 
thermoregulation immediately after hatching; these hatchlings apparently bypass the power~limited 
stage altogether 
The final stage begins when the young呂recapable of fully defending their body temperature 
and continues through adolescence into adulthood. This is full~blown homeothermy， and is common 
to both altricial and precocial birds 
If the eggshell does“throttle" the nascent thermoregulatory abilities of precocial young， this 
raises an interesting question. To put the question rhetorically， ifa precocial embryo has de. 
veloped the capability of independently regulating its own egg temperature， why should it not be 
homeothermic while it is in the egg? Why should the eggshell “throttle" it? 
There are probably many answers to this question. At least one is that an eggshell“throttle" 
makes the parent's parcelling of energy into the egg much more predictable. A homeothermic egg 
would have to be provisioned with enough energy both to develop and to regulate e耳gtemperature 
To successfully bring an egg to hatching would require the energetic costs of both to be predict 
able. The energetic costs of develop 
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It is well-established that the avian eggshell limits the diffusive loss of water vapor during in 
cubation to roughly 15% of the egg's initial mass， regardless of size of the egg or life history of the 
species (Ar and Rahn， 1980). It seems the avian eggshell is“designed" to limit water vapor losses 
during incubation. Perhaps the avian eggshell is also "designed" to limit the expenditures of energy 
during the incubation of precocial embryos. 
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of chicken eggs with respect to widely altered shell conductance 
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Abstract 
The gas exchange of chicken eggs takes place by molecular diffusion. The diffusion barrier between 
ambient atmosphere and erythrocyte hemoglobin of the gas exchanger is conveniently divided into two parts 
by the air cel formed at the blunt end; i.e.， outer barrier (mainly the porous eggshell) and inner barrier (the 
chorioallantoic membrane). In contrast to the alveolar.arterial P 0， difference in the lungs， the difference of 
P 0， between the air cel and the arterialized blood in the allantoic vein (ム PAoヮ. Pao，l is large in chick 
embryos. In the present study was analyzed theムPA02・Pao.，with respect to widely altered diffusive con. 
ductance of the shell， diffusing capacity of the chorioallantoic membrane and physiological shunt in the allan. 
toic circulation (allantoic shunt). 
T?e shell diffusive conductance (Go) waてalteredfrom the beginning of incubation， and the O2 consump 
tJo日 (Mo)was measured on day 16. The M02 increased hyperbolically with increasing. GOi reached max. 
imum at control values of G" and decreased with further increasing G". From G" and M"， the air cel P O2 .....~~.... ......--....~ .....'-'-... . ~..~~ .... ...~~...~ ~U.....~ .............~~~ð '-02' ... ..u ...02 .u.. ....02' '-u...， ..... O2 
was determined. TheムPAO，・ Pao，was increased in eggs with augmented G02 (from about 50 torr in control 
eggs to 70 torr in conductance-increased eggs). The diffusing capacity and allantoic shunt which produce a 
glvenムPAO，• Pao， were estimated employing a microcomputer performing the Bohr integration procedure so 
that a calculated Pao， agreed with measured PaOi The allantoic shunt is not more than 20%; 10% is likely 
The diffusing capacity becomes maximum in intact (control) eggs and is decreased at both lowered and aug 
mented GOi In control eggs， the resistance of the inner barrier to O2 diffusion is about 1.7.fold that of the 
shell which agrees with the previous reports. 
1. Introduction 
In contrast to the convective transport of respiratory gases in animals having lungs， the gas 
exchange of avian eggs takes place by diffusive transport. The diffusion barrier lying between 
ambient atmosphere and the capillary blood of the gas exchanger (vascularized chorioallantoic 
membrane) is conveniently divided into two parts by the air space in the fibrous shell membranes. 
The outer barrier comprises the porous eggshell and outer shell membrane. The conductance for 
gas diffusion is mainly attributed to the shell. thus it is determined by porosity and thickness of 
the shell. Between the outer and inner shell membranes is formed the air cell at the blunt end 
which is assumed to substitute the air)space. The O2 in the air cell is transferred through the 
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inner shell membrane and the chorioallantoic membrane to the capillary blood. These two mem-
branes constitute the inner diffusion barrier and its diffusive conductance includes the gas reac 
tion with blood in the chorioallantoic capillary. While the diffusive conductance of the outer bar-
rier corresponds to the alveolar ventilation multiplied by the capacitance coefficient in the convec-
tive transport system (Rahn and Paganelli， 1982)， the air cel is an equivalent to the alveolar 
space and the conductance of the inner barrier corresponds to the diffusing capacity of the lung 
In contrast with the alveolar-arterial P 0， difference in the lung， the difference of P 0， between the 
air cell and the arterialized blood in the allantoic vein is large in chick embryos (Piiper et al.， 
1980). Because in chicken eggs the diffusive conductance of the outer barrier can be altered 
widely， we analyzed the P 0， difference between the air cel and arterialized blood (ム PAO，• Pao) 
with respect to widely altered diffusive conductance of the shell， the diffusing capacity of the cho 
rioallantoic membrane and physiological shunt in the allantoic circulation (referred to as allantoic 
??????
2. Methods and materials 
Fertile chicken eggs were measured for length (L， cm) and maximum breadth diameter (B， cm) 
to estimate the fresh egg mass (羽人 g)using the equation of W = 0.5632 B2 L (Romanoff and Roma← 
noff， 1949). Eggs were divided into three groups at random; the first group eggs had the 
eggshell of the sharp end covered with epoxy cement for a quarter to half the length of the egg (re 
ferred to as conductance-decreased eggs)， the second group eggs had the eggshell covering the air 
cell was removed over a width of 3 to 10 mm across (conductance-increased eggs) and third group 
eggs remained intact (control eggs). These eggs were incubated at 380C and approximately 55% 
。frelative humidity for 16 days. 
On day 14-15 of incubation， the water vapor conductance of the shell was determined with 
‘calibrated egg' technique reported by Tullett (1981). The water vapor conductance， GH20 in 
mg'day-l・torr-1， of the infertile egg which was subsequently used as‘calibrated egg' was deter-
mined first by measuring weight loss for a given period in dry atmosphere (buried in silica gel) at 
380C. The G1LO of an experimental egg was then determined from the ratio of water loss rate of 
expenm巴ntalegg to that of calibrated egg multiplied by GH.，o of the calibrated egg. For actual 
measurements， 4 calibrated eggs were used and kept together with the experimental eggs in the 
same incubator. The G日正)multiplied by 1.06 (the ratio of volume to molecular weight of water 
vapor multiplied by the diffusion coefficient ratio of water vapor to oxygen at 380C) provides the 
conductance for O2 (Go， in ml STP・day 1・torr-¥ For standardization， Go， was divided by 
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fresh egg mass to provide specific conductance for 02' go， inml STP.day-l・torr1・(gegg)1.
On day 16 of incubation， the 02 consumption of individual eggs was determined using a mod守
ified Scholander and Edwards respirometer (Scholander and Edwards， 1942) submerged in 380C 
water bath. The respirometer consisted of two equal-size ac1yric chambers by U守shapedwater-
filled glass manometer. As an embryo within experimental egg， placed in one chamber along with 
CO2 absorber， consumed 02' the level of water in the manometer was displaced. The displace. 
ment was corrected by injecting pure 02 into the chamber containing the experimental egg. The 
1 02 consumption (Mo， inml STPD. day ") was ca1culated from the volume of 02 injected in a given 
time 
After measurement Mo." each egg was subjected to blood sampling from the allantoic vein as 
stated previously (Tazawa， 1971)_ Immediately after collection of 0.4 ml-blood into the Hamilton 
glass syringe (No. 750)， the blood was measured for P 0， and pH with an Instrumentation Labora-
tory blood gas analyzer (type 213 and 326) 
Analysis 01 the air space gas-arterialized blood P 0， dずerence
Air cel POz (PAo) In the diffusive transport in chicken eggs， the 02 consumption (Mo，) is de 
termined by the shell conductance for 02 (Go，l multiplied by P 0， difference between the environ宇
ment and the air cε1 (Plo， -PAo)- Because the effective P 02 of the environment (P1o，l is known， 
the air cell P 0， iscalculated from the Mo， and G02 measured for each egg as follows， 
PAO， =PIOz -Moヮ/Goっ (1)
Estimation 01 dザitsingcapacity (D o) and al仰 toicshunt (qs~ TheムPAO，・Pao，is attributed to 
the diffusing capacity of the inner diffusion barrier (Do，) and the physiological shunt from the 
allantoic artery to the vein in the allantoic circulation (allantoic shunt， qsh in %) (Piiper et al.， 
1980). The D02 and qsh were estimated so that they produce a givenムPAO，・Pao，. The se-
quence of estimation procedure using microcomputer is indicated as follows (and Fig. 1) 
(1) D02 and qsh are assigned temporary values by reference to the previous reports. 
(2) Mean capillary blood P 0， (Pco) is calculated from Moz and Doz as follows， 
Pc()，=PA()，-M()ぅ/D()， (2) 
(3) End-capillary blood P O2 (Pco) is estimated from the Bohr integration so that the area 
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(1) ty102 & G02 ore measured，ond 002 & qSh町egiven. 
Sequence of numerical analysis of diffusing capacity (DO，) and allantoic shunt (q'h) (Nos. (1)ー (6). Cao，= 
blood 02 capacity， ODC=oxygen dissociation curve， PAO，=air space 02 tension， PaO' (cal)=ca1culated value 
of arterialized blood 02 tension， PaO， (mea's) = measured value of arterized blood 02 tension， p，o， =end 
capillary blood 02 tension， Pc02=mean.capillary blood 02 tension， and PV02=mixed blood 02 tension in the 
allantoic artery. See text for more detailed explanation 
Fig. 
The ODC re-artery blood (Pvo，) to Pco， (Sj) becomes identical with that from Pco， toPco， (S2) 
ported previously for 16-day embryos (Tazaja et al. 1976) is， 
(3) 
The Pvoっwhichis hyperbolically related to the 
shell conductance (Nakazawa and Tazawa，1987) is estimated from individual goっasfollows， 
log P02 =4.932-0.448tH+0.394Iog 50， / (100-50，) 
where pH determind for each embryo is used 
(4) PU022206-053g021 
The O2 content for a given blood P 02.is thus estimated from 
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(5) 
where O2 capacity has been reported to be 12 vol % for 16-day embroyos (Tazawa and Mochizuki， 
1977) and O2 solubility coefficient (α0，) of 0_00311 ml.(100 ml ・torr)一1is used 
The arterialized blood O2 content in the allantoic vein (Cao，) is estimated by taking qSh 
Co， =02 catacity・So，/100+α0，・Po，
(4) 
into consideration as follows， 
(6) 
where end-capillary Oz content (Cco，) and mixed arterial O2 content in the allantoic artery (Cvo，) 
are estimated from OOC and dissolved O2 content for a given P 0，・
Cao， =Cco， -(Cco， -CVO.).qSh 
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Procedures (2)一(5)are repeated altering D()， until Pa()， calct山tedas above equals to rneas-(6) 
The ured Pao， or the difference between the two val ues becornes srnaller than a日lV巴ndifference 
conductance obtained as above is the Do， producing 6， P!へ0，'Pao， is exarnined by repeatin日the
above procedure altering qsh while D()， is kept constant 
Results 
The 0ヮ consurnptionrneasured for 27 control， 24 conductance-decreased and 23 conductance 
increased eggs is plotted for individual conductances in Fig. 2. 
For widely altered conductances， the Mo.， increases hyperbolically with increasing 
3. 
Thc control eggs are shown by 
The best-fit regression curve is 
closed circles 
Go， until conductance reaches control range and then decreases 
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Oxygen tensions measured for arterialized blood (Pao.，) and calculated for air spacc (]"¥o'，) of J 6.day.old 
embryos with widely altered shel1 conductances. Control eg宮、 areshown by closed circles 
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(7) M()，=768-2567 (んjJ1-717G 
where the coefficients of the 2nd and 3rd terms are significant by the Fisher test (F = 68.6 and 
The decrease in Mo， at large conductances is attributed to the small size of 
embryos， caused by excess water loss (Okuda and Tazawa， 1987) 
33.0， respectively). 
Fig. 3 represents the P {)， of arterialized blood collected from the allantoic vein (PaoJ and the 
The quadratic They are plotted for individual goつalr cε11 P{J， (PAo.l calculated using eq. (1) 























g02 (ml.day-l. torr-1.g-1) 
。50.4 03 。20.1 O 
Diffusing capacity (standardized by egg mass) estimated so that it produces individualムPAo2・Pa02shown in 
Fig. 4 and 10% allantoic shunt. The solid curve is drawn from the regression equation. and dashed lines 
indicate the regression equation calculated for q'h of 0， 5， 15 and 20%。
5. Fig. 
(9) PA02=150.0-1109g021十0.540go， 
The significance of the re. give a good fit for the relation between O2 tension and conductance. 
gression equation which becomes quadratic is discussed elsewhere (Okuda and Tazawa， 1987). 
The relation between TheムPAO，・Pao，increases at increased and decreased go， (Fig. 4). 
ムPA02・Pao2and go， is expressed by 
(10) ムPAo，・pα02=343+118gofI十53.9g02 
where 3rd term is significant by F.test (F= 30.62， while for 2nd term F= 2.64). 
Fig. 5 shows the diffusing capacity and allantoic shunt which produce theムPAo，・Pao2plotted 
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g02 (ml.day-1. torr-1.g-1) 
0.5 0.4 0.3 。2。1
End-capillary blood Po， ofindividual eggs having diffusing capacity shown in Fig. 5 and allantoic shunt of 
10%. Solid curve is drawn from the best-fit regression equation， and dashed curves indicate the regres 
sion equation calculated for q，h of5， 15 and 20%. The regression curves for PA仁 andPa02 shown in 
Fig. 3 are also presented (broken lines) 
6 Fig 
for individual go， in Fig. 4. The diffusing capacity is standardized by fresh egg mass (iι， specif-
-1 ， ，-1 
ic diffusing capacity， do， inml STp. day ・torr ・(geg) .) for comparison with go， ofthe outer 
Each plot indicates do， when qsh is 10% and the solid curve shows the best-fit regres barrier 
sion equation expressed by 
dQ，=0.237-0.013 goッ 1-0.191go， 
where the hyperbolic and linear parameters are significant (F = 19.6 and F = 23.5， respectively). 
For qsh of 0， 5， 15 and 20% (N = 74， 74， 66 and 48， respectively)， only the regression curves are 
shown (dashed lines). 
Fig. 6 represents the end-capillary blood P O2 (Pco) plotted for individual g02 values when the 
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allantoic shunt is assumed to be 10% and the diffusing capacity has a value shown in Fig. 5 
For qsh of 5，.15 and 20%， the regression curves only are pr巴sented(dashed lines). The regres 
sion curves for P Ao， and Paoっshownin Fig. 3 are also presented (broken lines) 
4， Discussion 
In contrast to the alveolar-arterial P 0リ differencein the healthy lung， theムPAO，・Pao，of chick-
en eggs is large (Figs. 3 and 4) ; the average ムPAoっ・Pao，of intact control eggs is 49:t 6 (SO) torr 
(N = 27). It becomes large when the shell conductance is increased from the control ranges (Fig. 
4)， suggesting that the diffusing capacity of the inner barrier decreases and/or the allantoic shunt 
Illcreases 
For eggs incubated normally for 16 days， the 00， has been reported to be 6.0 /1 ・
mln1・torr-1 (Tazawa and Mochizuki， 1976)， 4.9μl ・mlI11・torr-1 (Tazawa and Mochizuki， 
1977)， 7.0μl・mm l・torr-1 (Piiper et al.， 1980) and 6.8μl'min -1・torr-1 (Wangensteen and 
Weibel， 1982)， and the Oco to be 5.1μ1・mlnl ・torr-[ (Bissonnette and Metcalfe， 1978). As to 
the allantoic shunt， Piiper et al. (1980) reported it to be 10-15%. In order to produce 
ムPAO，・Pa】 calculatedfor the present control eggs (N = 27)， the 00， has to be larger than 4μl・
mlH1・torr-1 (since the averaged egg mass is about 60 g， itcorresponds to a dQ， of about 0.1 ml' 
day -1 . torr-1・(匂)-1) even if q sh is assumed to be zero. Conve悶 ly，even if q sh reaches 20%， 
the Oo? has ωbe smaller th出110μl・mm1・torr-1 (correspondingωa d仏 ofabout 0.24 ml'day 
torr 1・(geg)-1) ， because the end-capillary blood P 0， calculated in the present analysis could not 
exceed the P Aoっ・ Similary， the allantoic shunt could not exceed 20%. As the allantoic shunt in-
creases， the 00， should increase to yield a givenムPAo.，・Pao，(Fig. 5). As th巴 00，is increased， 
however， the calculated Pco， exceeds PAoゾ limitingthe upper qsh values in the analysis. Suppose 
the allantoic shunt is 10%， the 002 of control eggs ranges from 4.6 to 8.3μl'min-I・torr-1 (cor 
responding to a do， ofabout 0.1 to 0.22 ml'day-l・torr-l・(ge既)一1)with an average of 6.1 :t 1.0 
(SO) (N=27)μl'min-1 ・torrl.Theavfrage DO〉 for43h of O，5，15and 20%IS5.3士0.8(N= 
27)， 5.6:t0.9 (N=27)， 6.8:t 1.2 (N=22) and 7.4士1.1(N= 14)， respectively 
Comparison between the variables shown in Figs. 4 and 5 shows that changes inムPAO，・Pao，
with go， make a mirror image of those in the diffusing capacity. It may suggest that when the 
shell conductance is increased by removing in part the shell， the diffusing capacity of the inner 
barrier (the inner shell membrane， the chorioallantoic membrane and the chemical reaction with 
hemoglobin) is decreased， contributing large ムPAoっ・Pa02at high goっ Suppose the allantoic shunt 
changes insignificantly with altered shell conductance， changes in the diffusing capacity with go， 
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g02 (ml.day-l. torr-1.g-1) 
。50.4 。3。20.1 
Diffllsin耳capaCltyper unIt wel耳htof em bryo (maSS(l'Inbr:-川 specificdiffllsing capacity) plotted for each shell 
conductance. Thθsolid curve shows the regression equation 
7 Fig 
But， the decrease in the diffus 
ing capacity is 1ar耳ecompared with those in embryo weights， the Do， per g embryo (mass(emhryo) 
specific diffusing capacity， Do， (specifiC))being decreasing with increasing go，' The Do， (specific) a1so 
In Fig. 7 are p10tted the DO，(ぉpecific)for individua1 va1ues of go， when 
The best-fit regression curve for re1ation between 
seems to be paralle1ed with those in the wet weight of embryos 
decreases at 10wered g()， 
the allantoic shunt is assumed to be 10% 
DO，(中町ific)and go， isexpressed by 
1-0，34 go， Do， (stc川
where the hyperbo1ic and 1inear parameters are significant (Fニ7_46，P<O，Ol and F=6_13， P< 




conductance-decreasεd and -increased eggs 
The DO，(spec出c)is almost comparable to the diffusing capacity of human lungs expressed per 
unit weight of the body. In the chorioallantoic gas exchanger， nevertheless， the end-capillary 
blood P 02 fails to reach the air space P 02 and the blood has to leave the chorioallantoic capillary 
without being fully oxygenated. This may partially be attributed to thεstructure of the gas ex 
changer. 
For control eggs， supposing thc allantoic shunt is 10%， the ratio of the allantoic diffusing 
capacity to the shell diffusive conductance is 0.60:1:0.17 (average :ISD， N=27). The resistance 
of the inner barrier to O2 diffusion is about 1.7-fold that of the shell. A similar ratio has been 
reported for resistances to CO diffusion in the hens egg incubated for 16 days (Bissonnette and 
Metcalfe， 1987)。
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Simultaneous acquisition of electrocardiogram， ballistocardiogram 
and arterial blood pressure of chicken eggs. 
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Abstract 
Developing techniques to measure minute motions of the eggshell attributable to cardiac contractions of the 
embryo， we attempted to assemble techniques for simllltaeous acquisition of ballistocardiogram (BCG)， electro 
cardiogram (ECG) and arterial blood presstre. The procedure for implanting electrodes and catheter fulfilled 
requirements for the gas exchange through the eggshell to be maintained adequate. Despite of these appendages 
in the egg， the ballistic throw of the embryo could be detected from the eggshell employing the audio cartridge 
The cartridge comprises a small magnet installed on a cantilever and moving in a core. The motion of the mag 
net in the core changes density of magnetic flux and produces electrial output proportionate to a velocity of its 
motion. Simultaneous recordings of BCG from multiple sites on the eggshell show that the amplitude of BCG 
waves is dependent upon a site of detection and the BCG is directional wave. Isochronal comparison between 
ECG ， BCG and blood presssure indicates that the ballistic throw of the embryo body is caused by not only the 
ventricular contraction ， but also atrial excitation ; that is， the BCG comprises basic throws occurring during 
ventricular presystolic， isometric and ejection periods. Patterns of BCG waves which are composed of these 
basic throws are various among eggs and even in the same egg when its heart rate is altered with ambient 
temperature. The isometric contraction period remains constant irrespective of the heart rate， which is about 
60 msec. 
1. Introduction 
In contrast to mammalian fetuses whose devlopment and life-support depend upon functional en 
vironments of maternal body. physiological capacities for development of avian embryos are direct 
ly influenced by external environments. Embryos exchange respiratory gases and heat with sur 
roundings through the eggshell which comprises protective barrier for themsclves. The gas ex 
change across the shell and the respiratory and 02 transport properties of blood have been inten-
sively studied not only in normal conditions of environments， but also by determining responses of 
these respiratory variables to altered environments (see Tazawa， 1987). In connection with the in-
vestigations on avian eg耳'srespiration， some physiological properties of cardiovascular system 
have been studied in chicken eggs. Previously， the direct m官asurementsof allantoic blood flow 
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were attempted employing a conventional electromagnetic flow probe (Tazawa et al.， 1985) and the 
arterial blood pressure was measured with elaborate techniques of micropipette and catheteriza 
tion (Van Mierop and Bertuch， 1967; Girard， 1973a， 1973b; Tazawa， 1981a， 1981b). The circuit 
model analysis， dyedilution and isotope.labeled microsphere techniques were employed to elucidate 
the cardiovascular shunt and cardiac output distribution (White， 1974; Tazawa and Mochizuki， 
1977; Rahn et al.， 1985; Tazawa and Johansen， 1987). Recordings of electrocardiogram (ECG) and 
ballistocardiogram (BCG) were made to count the cardiac beatings in normal and altered environ 
ments (Cain et al.， 1967; Laughlin et al.， 1976; Tazawa and Rahn， 1986). Despite of these ex 
quisite techniques developed to acquire information on the cardiovascular functions of chicken 
eggs， a isochronal relationship between electrical and mechanical events of embryo heart remains 
to be studied. For instance， in spite that the technique has been developed to record the ECG and 
blood pressure， respectively， both waves have never been registered simultaneously. The present 
study therefore concerns itself with developing techniques to record simultaneously ECG， arterial 
blood prεssure and mechanical cvent relating to the cardiac beating in order to investigate the 
electro.mechanical relationships of cmbryo cardiac functions 
2. Requirements for measurements 
The gas exchange of chicken eggs takes placεby molecular diffusion across thc porous eggshell 
and further through the vascularized chorioallantoic membrane. The 02 uptake of the embryo is 
therefore affected by diffusive conductance of thc shell and diffusing capacity of the chorioallan. 
toic membrane (Rhan and Paganelli， 1982; Wakayama and Tazawa， 1987). The diffusive conduct. 
ance isa function of the shell surface area， and the diffusin耳capacitydepends u pon the allantoic 
blood flow (Tazawa et al.， 1976). In order to minimize possible disturbances induced by implanta 
tion of electrodes and catheters on the gas exchange of embryos， the following are required. 1) 
When the eggshell is removed to implant electrodes and/or catheter in the egg， the removal of the 
shell should be restricted as much as possible so that the shell diffusive conductance is not re. 
duced. 2) The removed area must bc re.covered after implantation procedure to minimize the dis 
turbances of the diffusive gas exchange and the internal environment of the egg. 3) The blood 
flow through the allantoic circul昌tionand the chorioallantoic capillary plexus should not be im 
peded by implantation procedure 
3. Acquisition of individual signals 
Electrocardiogram The embryo developing within the amniotic sac is further covered with the 
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allantoic membrane. The cardiac electrical activity propagates through the body of embryo and the 
extraembryonic fluids (amniotic and allantoic fluids) to the chorioallantoic membrane spreading out 
whole inner surface of the eggshell. In order to minimize adverse effects of invasion on the embryo 
and interanl environment and to fulfil requirements for implantation of electrodes， the electrical 
activity of the heart should be detected just beneath the eggshell without opening the egg and in. 
serting electrodes up to the巴mbryo.The electrode is a 26.gauge hypodermic needle 25 mm long 
and is bent at right angle about 3 mm from the tip. The bore is occluded with clay. The egg is 
placed on the horizontal position and three points are marked on the eggshell so that they form a 
triangle with side of about 2cm long. The sharp end of the nεεdle is pointed perpendicularly to the 
shell at points marked previously and pushed into the egg. The tip (about 3 mm long) penetrates 
the eggshell and reaches the chorioallantoic membrane. The needles are then glued to the eggshell 
at the bent part and the free ends are connect巴dto fine shielded electrode wires. The electrical sig 
nal is amplified with a differential amplifier provided with a band.pass filter. Because the electric. 
al activity of the heart is not led directly from the embryo. noises originating from large body mo 
tion of the embryo cradling in the extraembryonic fluids and white noises interfere with it. While 
the band.pass filter partly cuts off these noises， the averaged response processing is made em. 
ploying a microcomputer to improve a signal to noise ratio 
Ballistocardiogram While the body motion of the embryo offers electrical disturbances to the 
electrocardiogram， itpropagates through the extraembryonic fluids to the eggshell， swinging the 
E耳g.Similarly， in association with cardiac beating， a minute motion of the embryo body which is 
caused by a recoil and impact of contraction should also propagate in the egg and throw the 
eggshell. This minute motion of the egg originated from the ballistic throw is referred to as ballis 
tocardiogram (BCG) which is detected employing an audio cartridge (model A T.l 00， audio 
technica). The cartridge comprises a small magnet installed on a cantilever and moving in a core 
The motion of th巴magnetin the core changes density of m 
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eggshell is highly vascularized and serves as the respiratory organ of the embryo. The Oz-poor 
blood is supplied through the allantoic artery which forms a single stem when it leaves the 
embryo's body via the allantoic stalk. The stem bifurcates to the right and left branches on to the 
allantois， either of which is subjected to cath巴terizationfor measurement of blood pressurεThe 
blood vessel floating in the allantoic fluid is located by candling the egg. The allantoic blood flow 
should not be occluded by an implantation of the catheter so that gas exchange through the chor-
ioallantoic capillary plexus is well maintained. In order to fulfil this requirement， the catheter 
comprises a 26-gauge hypodermic needle 15 mm long connected with polyethylene tubing 5 cm 
long. The outside diameter of the needle is thinner than the artery， and the needle is bent at risht 
angle about 3 mm from the tip so that the incision faces outwards. The catheter is filled with 
heparin to avoid blood clotting and the free end of tubing is plugged with clay. A small area of the 
eggshell marked previously by candling is removed with sharp needle and forceps together with 
two shell membranes. The chorioallantoic membrane is torn with needle about 5 -8 mm long， and 
the allantoic artery is gently lifted by forceps from the allantoic fluid. The tip of the catheter nee-
dle bent at right angle is inserted into the artery pointing upstream. After insertion and reposi 
tioning the catheterized vessel in the allantoic fluid， the catheter is fixed with clay and epoxy to 
the edge of the hole in the shell. The removed area is re-covered with tape and epoxy glue to mini-
mize disturbances of the diffusive耳asexchange and of the internal environment. The polyethylene 
tubing ， filled with heparin， emerging from the egg is connected to a Statham electromanometric 
transducer (model P23ID) through another polyethylene tubing filled with saline solution . The 
connection of two tubings is made with a short piece of a needle. 
4. Procedure for simultaneous measurements of ECG， BCG and blood pressure 
The incubating egg has first the allantoic artery catheterized. The procedure for catheterization 
takes about 5 min and the egg along with catheter is placed in a 380C environment until the epoxy 
glue used for fixing the catheter and closing the hole gets solid. Second， three needle ECG elec-
trodes are inserted into the egg one after another and glued on the eggshell. The egg which is now 
catheterized and has ECG electrodes implanted is placed on a smooth surface of the platform 
which is suspended in a temperature-controlled chamber. On the same platform are placed the elec-
tromanometric transducer and the cartridge. The clay plug of the catheter is cut off with scissors 
and immediately the polyethylene tubing is connected with that of the electromanometric transduc-
er using a short piece of a needle. The length of tubing from the tip of the catheter to the mem 
brane surface of the manometric transducer is about 12 cm and the height of the transducer is ad 
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justed so that the center of the membrane surface comes to a height corresponding to the tip of 
catheter. The free end of ECG electrodes are then connected to thin wires employing a IC transis-
tor socket， and wires are plugged in the differential amplifier. Finally， the cartridge holder is man 
ipulated so that the pinpoint of cantilever gently comes into contact with the eggshell. The waves 
of blood pressure， ECG and BCG are monitored on the oscilloscope and stored on the magnetic 
tape recorder. ThDse to be analyzed are fed into the microcomputer (PC 9801 Vm， Nippon Elec.) 
through a 12 bit A/D converter at sampling rate of 500 Hz 
5. Results and discussion 
Based upon the model analysis of the cardiovascular shunt and blood flow distribution in chick 
embryos， itwas reported that the cardiac output of 16-day-old embryos is about 20 ml/min (Taza-
wa and Takenaka， 1985; Tazawa and Johansen， 1987). The stroke volume is thus estimated to be 
about 70 -80μ1. Similar values have also been reported (Hughes， 1949). The recoil and impact 
of the cardiac contraction producing that stroke volume are propagated to the eggshell， causing mi 
nute motion. In Fig. 1 are shown velocity waves of eggshell motion recorded simultaneously from 
three different points (BCGs 1-3) 
along with ECG. All the record 
ings show waves synchronizing 
with QRS complexes of ECG， 
apparently indicating that the 
waves are originated from the car-
diac contraction. BCGs 1 and 3 
are recorded from opposite sites 
of latitudinal axis and their main 
deflections are inverse each other 
BCG 2 shows velocity of egg mo-
tion recorded from right angle to 
the axis connecting former two 
sites. The largest deflection com-
mon to three recordings appears 
with QRS complexes of ECG， but 
even prior to QRS waves the de-
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Ballistocardiograms recorded simultaneously from three sites 01 
the egg along with electrocardiogram. The embryo was 19-day 
old. and the average heart rate was 295 beats/min. The egg 
was placed on the vertical position. BCGs 1 and 3 were mea 
sured from two ends of the latitudinal axis facing each other. 
and BCG 2. from a site at right angle to the axis connecting for 
mer two sltes 
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Fig. 2. Simultaneously recorded waves of electrocardiogram. ballistocardiograms (BCGs 1 and 2)， and blood press 
ure of the alantoic artery (BP) (left panel) and averaged waves (N=10. right panel). The embryo was 18. 
day-old. and the average heart rate was 185 beats/min. The egg was placed on the horizontal position. 
BCGs 1 and 2 were recorded from two sites facing the center of the egg at right angles each other. Main de 
flection of BCG appears after onset of ventricular systolic pressure 
This indicates that ballistic motion of the embryo is produced by not only the blood ejection from 
the ventric1e， but also atrial contraction and isometric contraction of the ventric1e. Patterns of BCG 
waves are various among the eggs and even in the same egg when its heart rate is altered with 
ambient temperature. 
The following are some examples for the simultaneous recordings of ECG， BCGs and arterial 
blood pressure， sorted out on the basis of representative patterns of BCG. The BCG was measured 
from two places locating at right angle each other. Fig. 2 represents the BCG of which main deflec-
tion appears after onset of the ventricular systolic pressure. Blood ejection from the ventric1e into 
the aorta contributes to this ballistic wave. The averaged response processing (N=10) further im-
plies a minute motion between oneset of QRS complex (isochronal line a) and that of the systolic 
pressure (isochronal line b) as well as one preceding the ventricular electrical excitation . The 
period between two lines a and b corresponds to the isometric phase of the ventricular contrac-
tion， and the ballistic motion caused by the isometric contraction is more apparent in Fig. 3. The 
recordings wereacquired from the same embryo as for Fig. 2 at an increased ambient temperature 
The cardiac beating was faster than the previous record. Soon after electrical excitation of the 
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Fig. 3. Simultaneous recordings ECG. BCG and arterial blood pressure (left panel) and averaged waves (NoI0， right 
panel) acquired from the same embryo as for Fig. 2. The ambient temperature was increased and the cardiac 
beating counted 262 beats/min. Additional def!ection occurred during isometric contraction of the ventric1e. 
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Fig. 4. Simultaneous recordings of ECG， BCG and arterial blood pressure (left panel) and averaged waves (NoI0， 
right panel) acquired from the 18.day.old embryo. The ambient temperature was lowered and the average 
heart rate was 196 beats/min. In addition to large throws during ventricular systolic period， another def!ec 
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Fig. 5. Simultaneous recording of ECG. BCG and arterial blood pressure (left pancl) and averaged waves (N=lO. 
right panel) acquired from the 18.day.old embryo of which heart rate was increased to 353 beats/min by 
raising an ambient temperature. The balistic swings appeared during ventricular presystolic and systolic 
periods. 
ventricle occurred. the egg was throwed with prominent recoil and again after ventricular ejection 
with lit1e recoil. The pattern of ECG altered. for it was not a direct recording from the embryo . 
The apparent ballistic motion during ventricular presystolic period is presented in Fig. 4. The egg 
was throwed first with recoil prior to onset of electrical excitation of the ventric1e. which was 
apparently attributed to atrial contraction as indicated by the P wave in the averaged ECG. The 
ventricular isometric contraction produced the second throw of the egg accompanying with large 
recoil. and the third throw occurred after opening of the aortic valve. Fig. 5 shows another exam-
ple of simultaneous recordinsg acquired from the embryo when the egg was exposed to increased 
ambient temperature. The heart rate counted 353 beats/min which the embryo at control tempera-
ture (380C) had never encountered. The minute swing occurred prior to onset of QRS waves. fol 
lowed by large swings during isometric 'contraction and again after blooi:l ejection from the ventri-
c1e into the aorta. 
The isochronal line C is drawn at a time of the systolic pressure reaching the maximum. Be-
cause the blood pressure wave has no incisure in chick embryos. the period between two isochron-
al lines b and c is conveniently defined as main ejection period. While this period is changed with 
the heart rate; particularly it is prolonged with decreasing heart rate below the cuntrol (250-270 
beats/min). isometric contraction pefiod remains unaltered with heart rate (Fig. 6). The present 
50 
Simultaneous acquisition of electrocardiogram， ballistocardiogram and arterial blood pressure of chicken eggs 
t巴chniquedeveloped for acquiring ECG， 
BCG and arterial blood pressure simul. 
taneously from incubating chicken eggs 
makes possible isochronal companson 
between these waves， which will contri 
bute to investigations on the electro 
mechanical relationships of cardiac con‘ 
traction in chicken embryos 
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Fundamental Considerations on the Higher-Order Correlated Associative Memory 
Yukio KUMAGAI 
Abstract 
A characteristic feature in the associative memory is that traces of data from many different occurences are 
superimposed on the same memory elements. So， cross-talk will inevitably occur when the output recollection 
in relation to the input key will be performed 
Therefore， this paper deals with the associative memory subjected to the higher-order correlatio日 matrix 
formalism， and derives some explicit descriptions in a form which enables direct discenment of the quality of 
the recollection. In gεneral， itmight be true that more exact recollection is expected as the correlation order is 
increased as well as the missing portions of the input key are decreased. But， theoretically， itis shown that the 






















































y(i)針。l(ylι 2，…， m) (2←1) 






報が特定のα(0 ~三 α 壬 n) 次のものをうる操作のときには， x(i)のα次拡大を行うと呼ぶことに
する。
さて x('iのα次拡大， ~ì主びに，それによってえられる結果の表現を以下のように行う O
まず，キ-xl>)の全ての成分の添字集合を
J会Iji jニ 1，2，…， 1 1 
とする。
α を O~三 α 三日とし， Jからとられた互いに異なるα個の要素の組み合わせを
(j i' j 2' …， L)， j"EJ(υ= 1， 2，…， α) 
(千)， 
それらの集合を
iα)会I(j l' j 2' ….jα) I jメJ，υェ 1，2，…， α! 
i日)会|世|
…(αミ1) 
……(α= 0 ) 
…・ (α這1)
……(α= 0) 








〈川ι:ユ)(xズX(i))札山川りリ二 1 ……(α 這1) ……(α ニ o) 




そこで，いま，この対応について，添字となっている組合せ:(i 1 ，i2，… α)について，
h ，]2'…， iαが，特に，辞書式順序を満たすように対応の結果を並べたもの，
即ち，辞書式}I夏序をくく， μ，μ'EI 1， 2，…， nCα!としたとき
Jμ(α)会(jl' i2，…， iα)， i，u'(α)会(il' i2，…， iα)Eiα)に対して
)1' )2'α く ) 1， )2' ・， )2牛キ μ<μ' 
として，<の順序に従って， μ，μ'を並べたもの:
F(α) (X(i))匂 (2マ)) 
は，キ-X(i)の次数αの高次相関情報を全て抽出したベクトルになっているので，これをだI)のα
次拡大ベクトルと呼ぶ。
また，この F(α)(x(り)を， さらに， α=0， 1，…， Nの順に並べ
FN(x(i))会col(F(O)(x(i)， F(勺x(I))，…， tN)(X(i)) (2-8) 
但し， F(O) (X(i)会1
としたものは， X(i)のN次までの拡大ベクトルと呼ぶ。
このとき， FN (x(i))の要素の総数は，次式で与えられる O
n(N)=Z NonCα (2← 9) 
さて，このN次までの拡大を行い，従って N次までの高次相関情報をとり入れた連想型記憶
の記憶の仕方は，次のように行われる。
M=;IY明 N(XIi))t (2-10) 
但し，③はクロネッカー積， tは転置を表す。
即ち， Mをm行 n(N)列の行列として，各データー・キ一対毎に， y(i)③ FN (X(i)tが計算され，
これが全てのデーター・キ一対にわたって，同ーの記憶場所である m行n(N)列の行列 Mの各
要素毎に加算されて行くわけである。
一方，読み出しは，キ一入力を x=col(Xl' X2，…， Xn) としたとき，これについても同様の
N次まで、の拡大を行ったものを FN(X)とすると














"X= 0 (2-12) 
"X< 0 
式(2-11)に関して
w会M. FN(X) (2-13) 










x(s)全coJ(Xl' XZ'…， Xs' 0， 0，…. O)，xjEj:fl!(j=l， 2， (2-15) 
但し， 1 三 s~王n














z=co!(u(M' FN(x(s))) (3-1) 





x(s)韮 Xi*(S)，j*EI (3-3) 
と書き，入力 Xi* (s)によって，読出し結果 zは，データー y(i*1に等しくなることを期待するも
のとする O
さて，この(3-3)の条件下では，式(3-2)は，次のようになる。
Zj=U(;=~*y:il <FN(X(il)・FN( Xi* ( s ) ) > + . E yω<FN(X(il) . F(♂ (s))>) 







E*<FN(x(I))・FN(Xi* (s)) > =const (3-5) 
であり， しかも，この constは正の量であるから，今，若し，第二項で示される漏話量が値Oで
あれば，式(3-4)，(3-5)より












1541)・<FN(x(i))・FN( xi' ( s)) >， (j = 1， 2， m) (3~ 7) 
が，高次初日開情報を表す Nと， どのような量的係わり合いをもつことになるのかが，極めて基
本的事柄として大切になってくる。
本論文は，このことを調べるため，まず，次式で示されるハミング距離 D(X(i)， xi* (s))を，
全ての 1とげとの間に定義することから始める O
D(xへXi* (s) )会Ji|(xf-J)/2|









式 (3~10)で dlt*=O を与える I は i* と多重整合を生じていることを示し ， --}j， di. j*が1
以上の値をとる Iは， i*に対して漏話の原因となっていることを示している O
さて，各 iEIは i*に対して， ゅ意な dll本をもつから，この d11*の値による lの分割を
1= I(d) I dニ 0，1， 2，…s 1， ，(cI)ニ liI di. i*=d，iEII (d= 0， 1， 2. …， s) 
と書き，各 1についての考察を， s+ 1種類の違いをもっ d11*のもとでのそれに移す。
即ち，各 iEI(d)(d=O，1， 2，…， s)に対して
HN(dl IU二<FN(だり.FNxY s)) > (3~ ll) 
を定義し，以降，これを評価する O
式(2~3)(2~ 7) (2~8) より，式(3~I )は，以下のように書き換えられる。













???? ? (3-12) 
盆
ニ 1+ L: L: I1 1 X(i) • Xl I 
α二 1(j1.j2...1α)εJ'" ，ν= 1 
(3-13) 
f旦し， α~1 としている O
さて s三N. s>Nの場合にわけで評価を行う O
(1) s;三Nの場合:
この場合は，入力キ一成分の全ての組み合せ: (xi，x;2， ，xL)(α=0.1..... s)に対して，
記憶されている s次までの高次相関情報が利用できる。
式(3-12)より， α三sに対しては， H:=14 二 O. それ故，式(3-13)について
HN(dl i*)=1十三 (1112LuEllxf-わ (3-14) 
工 ν4111+xJJx fl(315) 
さて， dI，Iキエ Oなる 1に対しては，全てのL(ν1. 2. s)について
(i)本
X ニ xjνjν 
が成り立つから，式(3-15)を参照することにより
HN(d11*=O )ニ 2s • (3-16) 
一方. di. i*~ 0なる Iに対しては， xlJ土x;!とするんが少くとも l倒存在するから，そのよう
なx(l)については
(i) i *噌
x. x. 一 i 
J νjν 
が成り立つ故，同様に，式(3-15)を参照することにより











?? xL)(α= O. 1.・.s)は，
60 
高次相関型連想記憶に関する碁礎的考察
α二 Nまでしか利用できない。即ち，式(3-12)に対して， α三N十 Iについては11:=1・41)ν=0 
であるから，式(3-14)に対応するものは，次のようになる。
HN(d ，*)ニ 1+t E HI-JJ Jl 
" .α= 1lj，j，. "，)α)εJ'白 νi い J
(3-18) 
さて，式(3-18)について，場合(1)と同様， di戸=0となる 1から，その評価を行う O




HN(dl:*エ 0)ニ三 IJ，Cα (3-19) 
ところで，この式(3-19)は，同じ条件下では，次のように書いてもよい。




HN(d， ，*)=白 11+x(i) /1- t I:白 lx(2)XI*l
















式(3-22)の右辺を評価するため， di. j*二 d，即ち， iEI(d)とし， dは1~三 d~三s の範囲にある或る
値に固定して考える。いま，
id)= liν141hf， ν= 1， 2，・・， s 1， J(d) = Iiν|x;」ιν1， 2， ・， s Iとすると，
J(d)の要素数は d，また， J(d)の要素数は s-dになっている O
さて，右辺のα伺の組合わせ:(i l' i 2' …， i)について，いま，特に， J(d)の要素をと個(0三
と三d)含むものを考えると，これは，残りのα-d個が J(d)の要素から選ばれた場合に限って意
味をもっ。従って， α個の積の計算について，次のような分割を考える，
hlxO)X11=H x(1)X1*.lI J xI 








日 (i) 〆 1X. X 二二 1 
j，. EJ(d) Jン jン
……どがOまたは偶数のとき
従って，式(3-22)は，次のように計算される O





3-2 N<s 壬nに対する HN(d)の諸性質と漏話の不滅現象
式(3-23)は， N < sの場合の漏話量 HN(d11*=d) をN， S， dに関して陽に表現している。
以下，.'HN(di. i.=d)をHN(d)と書き，その性質を調べる。
その前に，前節で得られた結果をまとめておく，
〔性質 1 J S三Nならば
HN(d= 0 )エ 2s 
HN(d~O)=O ， (d=l， 2， 
〔性質 2 J S > Nならば
(30 -1) 
(30 -2) 
HN(d= 0)ニ 2'- L C (30-3) 
α~N+l" u 
ザ(d~ 0)=ぺJ。(一 1)HIdet(sム-r)， (円， 2， s) . (30 








量が HN(d=0 )に対して十分小さければ十分とできる場合もありうるから， N<nとして HN(d)
の性質を詳しく調べるべきであると考える。
さて， N<nの場合 sは1から nまで変化するから，このときの読出し特性は， [性質 1)と
〔性質 2)とを同時にもっていることに注意しなければならない。しかし， [性質 1)の場合がお
きる sに対しては，漏話量がOとなることが，既でに，分かったので，以降， [性質 2)の場合
がおきる Sに対して考えてゆくことにする O
〔性質3)s>Nとする O このとき，全ての d(~O) について





〔性質4) 1 ~三 N<s とする O このとき， d= 1， 2，…， [s/ 2 )に対して
HN(d)=( -1 )N . HN(s-d+ 1 ) 





グ=α ーどとおき，変数 (α，t)について和を，変数(/'3 ，と)についての和に書き改める。
このとき，






(1) d~三 N+1 三s-d の場合
N 
HN(d)zJ+l(ム(-1 ) ¥ +ldC¥ 
式(3に7)の第頃は， ~d\ ~ 0 (-1 )へん=0より Oとなり，第二項のみが意味をもっ。
N 
HN ( d ) = ~ ~ ( - 1 )'十1rlC('(，._rl¥C:， ，1 ~N 十 ]-d ¥ ~N 十 1-，1吉、o uノゑ
]¥i N-/1 
~ (~( - 1 )' rlC t) . ，._川C，
，!~N+l-d ¥ ~O ち、
N 
Jil d(l)N t?(d-l)C(N ij).(刊 (30 -8) 
(2) N十l<dの場合
N 
HN(d) = ~ (~(一 1 )¥ +1，Cν) ・ Is-dJC 十 ~ ~一 1 )¥+ldC¥ls_dJCl (30-9) 


























? ? (30-10) 
(3) N十 1>s-dの場合
ぉ d 【巴





=jill d(一 1)N勺 1J九，，) (s-dん (30 -11) 
一方， HN( s-d+ 1 )は，式(30-5)より，次のように与えられる。
s--d+l い I 唱
HN(s-d十 1)= ~ ~ (一 1)ら T1Is_d+1JCi • Id-l)C(αn 
α=N+l í~ 1J 
(30-12) 





o :;it 三s-d+1 (30-13) 
である。
(1) d三N+1三s-dの場合
-1 ，-d+l d-l N-，'タ
HN(s-ct+ 1)= ~ ( ~一 1 )1; +I，^_A.L'¥C r)・ C =E E (-l)E C ・ C，':O¥，=N+l-，¥ "1 (s-d十1)"，1(dー!)"(3 -(3':0 ，':0 ¥ "1 (s-d+1)"， (dー1)月
d-1 N-d+1 
= ~ (ー 1)" 〆 C(N-3).(d-1)C8=o~" (-1 l'"(d-IIC ・ Co (30-14) ，':0¥ "1 (s-d)" (3) dー 1)"11 ，3=N "1 "(N-，3) (s-d)"，3 
式(30-8)と(30-14)の比較より




N s-d十I 伽 i 唱+んと=51J-1)包丁(s計 lん・ (dー1ん (30-15) 
式(30-15)の第一項は Oになる。それ故，第二項のみとなり
s-d+1 N N-，J 
HN(s-ct+ 1 )=λム=正IJ(一1)ど+に川C，)・(d-!)C戸 J710(ム(一1)E(Sd+1ん)(d-1ん
N N 
=J2E。(1)N-J(s-ANF).(dー lん=え。(一 1)戸(d-1ん -(3) (s-dん (30-16)
式(30-9)と(30-16)との比較より
HN(d)=( -1 )NHN(S-d+ 1 ) 
(3) N + 1 > s -dの場合
d-l s-d+l “一















N-(d← 1 ) 
I:一 1)"'戸c，"_O¥.，"_，¥Co= ~一 1 )戸 Cj3 =Nー (s-d)¥ "1 (s-d)"(N 戸)(dー 1)"(3 ，3=--;-d "1 (d-I)"(N-s) (s-d)β 
65 
熊谷幸雄
(30 ~ 17) 
式(30~ 11)と(30~ 17)との比較より
HN ( d ) = ( -1 ) N HN( S-d + 1 ) 
よって，証明された。 口
この〔性質4)は，考えられる s通りの漏話量 HN(d) (d = 1， 2，…， s )が， d=(s+1)/2を
中心にして，絶対値に関する尖どい対称性を有していることを述べている。即ち j*に対して
ハミング距離が1のものと sのものとが絶対値を同じくし，以下同様に 2のものと s-1のも
のとが絶対値を同じくしているのである。
[ ，性質 5) 0 ~至 N~ [(s-l) /2) とする O このとき， 1 ~ d 豆 [(s+1)/2)に対して，
次式がなりたつ，
HN(d) = (一 1)d-l・HS-1-N(d)
〔証明〕式(30~4) に関して，その定義域は o ~重 S~至 d ， 0三N+1ーと三 s-dである。
O~N 三 [(s-1)/2) とすると，次の二つの場合を考えればよし、
(1) N十 1< dの場合











? ?????? (30~ 10) 
(2) d三N十 1三 [(s-1)/2)の場合
この場合，式(30~4) は (30 ~8) のように変形された。それを，再記する O
N 
HN(d)=JiId(一1)Nβ(d-1IC(N-，l) . (s品 (30 ~8) 










N 唱 ，N 
= L (一1)N-，3十dIC C ，=(-l)d i E (一 1)N-，3 '"_"C ，3":"=0' '1 (d-l)V(N-，3') (s-d)V;l' '1 '1 (d-l)V(N-，3') (s-d)V;l 
=( -1 )d-lHN(d) 
一方， N + 1が場合(2)のときには Nをs-I-N=N'でおきかえても N'の範囲には変わ
りはないからの記号を省略して，変形を進める。
s-l-N 
Hs-1-N(d)=月三dN(一 1)S-l 日 (d-l)C(s-l-N げ(けん
S-l-N 
=(Pd N(一1)S I N F(dlん s+川)・ (s-dん
ここで，s'= s -d +β とおくと
N 
FEAl-d(1)dー1引バ (d-lん-，3')'(s め=(一 1)dーljZEAl-d(一1)N-p(dlん-，3')・(s-d)C
=(一 1)d-l・HN(d)
よって，証明された。 口
即ち，この性質は，ある d(1豆d三s)に対する高次化によって， HN (d)がどのような変化
をうけるかについて述べている。奇妙なことに， N= (s-l) /2を中心にして， HN (d)は絶
対値に関する対称性をもっているのだから Nを高次にしても HN(d)は，低次のそれに変りのな
い状態を保つことになり，高次化が一見，無意味のようにみえる O
しかし，これは，後で分かるように， HN ( 0 )は Nと共に極めて大きくなるから， HN(d= 0 ) 
に対する相対的な見方をすれば Nの高次化は全ての dについて漏話量を減少されるように働く
ことになるのである O
〔性質 6J 1 壬 d~三 s ， 1三N三s-1とする O このとき，次のことがいえる O
(1) HN (d)を Nを或るイ直に固定し dに関する一つの関数と見放すと， HN(d)はdに関する
N次の多項式である。










HN(d)=J1(-1)勺-]ん・ IS-d)C1N-，) (N+ 1 >s-d) 
Nのいづれの範囲に対しでも HN(d)は，項:(一 1)，1 (d-])C" . (S-d)C1N-，，)を含む。
ところで，これは次のようにかかれる。
(一 1)，1 (d-])C，1 • (S-d)C(N-，) 





掛け算を行っており，そのとき，この回数の dの積について，前者は， (+ 1)をp回，後者は(
1 )をN-s回掛けることになるから，最高次dNの係数は，





一方， HN( 1 )は NをO以上とすると式(30-8)の場合に相当し，式(30-8)を直接計算すること
により，次のように与えられる。
HN( 1 )=(sー ])CN 
式(30-8')，(30-10')， (30-11')は，いづれも(s-d)C1N-3)を含む。それ故，これを(当])CNによっ
て表現することを考えると次の関係式を得る。
(1) d~ 3， 1壬p歪d-2の場合
d-] ，1-1 d-1-，' 
(s一山 J)=11五二1)・ム(N-Yz) Y11(s-N-Y3)・(s-])C 
(2) d ~ 2; s = 0の場合
d-] d-1 
=日一一二一一一. n (s-N-Y3)・ C (s-d)'""(N-，1) Yj=1 (s-Y]) Y;:'] '" I j/ (s-])'-'N 
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(3) d ~ 2， (1二 d- 1の場合
d-) Id-)I-) 
=日一一二一一一 n (N-Y2)・ C is"-d)~IN-，1 1 Yl二 ds-y)) y ，二 O 之 Is-l)~N
さて d~2 ならば，この(1)， (2)， (3)のいづれの場合も Nについて，最高 d- 1回の掛け算
となっており， しかも，そのときの d- 1回の積の係数は， 1)の場合には， (一 1/-1 ぺ(2)，
(3)の場合には(-1/ト 1となり，従って N(dー 1)の係数は，
1)の場合には，
L(ー 1) ，1 . '" "C ・(ー 1)(dlj lLUl-L-・
Y~~l(S-Yl) Isー 11~N
=E(-l)d1.C -Ul--L. 




従って， HN(d)/H'J( 1 )は Nについて d- 1次の多項式となる C 口
この性質は， HN(d)の細部での振舞いを厳密に表現していることになるが，と同時に， HN (d) 
に関する解析的取扱いに対する限界も示していることになろう。
〔性質 7J 1三N<sとする。このとき
1) HN ( 1 )は常に正であり，且つ， N= [(s-l) /2Jのとき，その最大を与える O
(2) d = 2， 3，… s - 1に対して，常に， IHN(d)/HN(l)l<lがなりたつ。
〔証明〕
HN( 1 )は，式(30-8)，(30-11)より直接求められ HN(1 )ニ比一])CNをうる。それ故，HN( 1 ) >0， 
且つ， N=[(s-1)/2Jのとき，最大になることは明らか。
さて， [性質4J， [性質 5Jの HN(d)の対称性より I HN(d)/HN( 1 ) Iの性質を調べるに当っ
ては N三 [(s-1)/2J，d 三 [(s+1)/2Jの範聞で十分である。
(1) d > N十 lの場合
N 
HN(d)=IL(一1))ld-lIC，1 . IS-dIC1N-，i 1 
それ故，
N 
I HI¥(d) I ーム玉と日~I:-lIC乙と正止ど上
































レ24二1)J(d lん・(s 山 -3)I 
(s-nCN 
それ故
I HN(d) I 
HN( 1 ) 
L 町宮、C ・ "C，川 、<--"'=0¥0-1) ，:1 ¥S-O} …一山
(S_IICN 
Nの全ての範囲について IHN (d) I < HN ( 1 )がなりたつ。
















〔性質8) I HN ( 1 ) / HN( 0 ) Iは， N=O， 1， 2，…， 
〔証明)[性質 2)より HN(1 )/HN( 0 )=(S-l)CN/L~=osCr がなりたつ。
(， -1ん=L~=O(-l)rんとなることから，全ての N(O 歪N三 s -1 )について
HN( 1) _~;=o(二日三L<1



































、[';T t ) ... t = 0 s'"" t 
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となることに注意して， HN+1( 1 )/HN+1( 0 )-HN( 1 )/HN( 0)を調べる O
HN + 1 ( 1) HN ( 1 )'-IICIN+lI s←lICN 
HN+1( 0 ) HN可 ，CI1¥+11十 tSc;IE7






(ls-1ICI日 1 sーlICN)・三Jどー ん+11 Is-lん
s-2(N+1) ~ ・〔エc，.6 C.ー C，'" "C N+ 1 Is-l)'"'N 1;':Os'"'1; s'"'(N+l1 Is-I)'"'N 
I s 2 (N+ 1)NN十， ，N+I+( ~ I zl Eム-6 (一 1)N C -C | N + 1 1; ':os '"':; (" ':0 ¥ "/けI1 とI(s-])'"'N 













{トビ2JI S 2 (N+ 1 ， ~o j (N十 l ノ+1 )1什j)C1N-2c1一九十]ん+1一氏d・Is-1ん
〔トギ21! s一(N十 1) s十 1-N ¥九 九一 ・ a/~o ¥ N十 N+ 1 - 2 c jls十11'"IN-2<'1 Is-IIしN
[~2J 1+c (s/(N+ 1)一 1) 
二(-2 )・ 320 N↓ 1 ワ丘 一(けIC(N-2)占1• (s-J)C 
ここで o壬N三S一 1，0 ~ç 三[N/2] に対して




HN+1( 0 )、 HN(0 ) 
となることが結論される O 口
即ち，最大の漏話量となる HN( 1) (従って HN(s))の更に最大を与える N=[(s-1)/2]
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GC(N)=JN -，- '_"C~ 
ι"t= 0 (N+C)-， 
G< +l(N)/G< (N)は，次のようになる。
竺+l(N) ~出空L 」L己主L
G' (N) 山一1んムN山 l)C，
このとき，
N r: r 
ι三必旦土三工こf
~ N+1+~ 












N+c l+c l+c c十N a b+m 
・ー十一一一ニー一一・ ヱ ・一一一一>1c N十 i十守 c 1 + c +N b a+m 
且つ，b =c， a=l+c， ここで，がなりたつ。それ故，














成要素となっていた H(α)(d) (α ニ 0， キーベその性質を調べ，再度，N)について，1 ，…， 
必ずしも，拡大次数を増やすことなく，クトルの偶奇性に基ずく記憶方法を考えることにより，
適応的に，不滅現象に対応できることが示される。
H(αI( d)の↑生質4 -1 
その構成要素 H1α I(d)， (α= 0， 重み関数 HN(d)と， N)との聞の関係を再起す，????1 ， 
N 
HN(d)= L H1al(d) 
るO
(4寸)
(4-2) H(αl(d)=<F1α I (X(il)・F(αI(Xi*(S))>
=足。(-1 )'dCi . (s-dICld-i I (4-3) 
前章では，高次相関型連想記憶の読出し特性を，より直緩的に明らかにするため，構成要素
H(α) (d)の和である HN(d)の性質が調べられた。それでは，個々の H(α)(d)はどのような性質を
以下の性質のあることが分かる O 但し，厳




〔性質 1J 1 ;玉 s~ n， 
熊谷幸雄
H1α)(s-d)=( -1 )1α). H(α) (d)が成立する。
〔性質 2J 1三SEEn， 12至d~ [s/2Jとする。このとき， α=0， 1， 
Is-a)(d)=(_l)d・H1α)(d)が成立する O
〔性質3J 1三S三n 0 壬α三sとする。このとき
O 三α三 [s/2Jならば， H1α ) ( 1 )ミO
[s/2J + 1三α三Sならば， H(α) ( 1 ) ~至。
がなりたつ。
[s/2Jに対して， H 
〔性質 1Jと〔性質 2Jは， HN (d)の構成要素 H(α)(d)，(d=O， 1， 2，… s ，α= 0， 1， 
2，…， s)もまた，著しい対称性を有していることを示している O 即ち， 0三α壬[s/2J，0 ~至
d三[s/2JのH1α)(d)の値が，それ以外のところでの H1α)(d)に，それぞれ，絶対値が等しく符
号はα，dの偶奇性だけにもとずいて対応ずけられる O 但し， [性質1]で，前章での HN(d)は，
区間 1壬d三sでのものであったのに対して，ここでの H(α)(d)はO壬d三Sでの対称性になって
いること，また〔性質 2Jでは， HN(d)は(_ 1 ) d-jの対称J性であったのに対して，ここでの
H(α) (d)は(一 1) dとなっていることは注意しなければならない。
ところで，前章では，最大の漏話量を号える d= 1での HN(1 )/HN( 0 )の性質が調べられた。
これに対応して， H(α) (d)の〔性質3Jの性質をみる。
すなわち，前章〔性質 8Jから，ザ(l)/HN(O)はNを逐次増加させれば単調に減少させる
ことができる O 一方， [性質7Jから HN(1 )は，他のあらゆる HN(d)の内で最大となるのである






このようなことを考えるに当って， H(σ) ( 1 )に関する〔性質 3Jの結果は極めて興味深い。
それは， H(α) ( 1 )が， α=[(s十1)/2Jを中心にして，その符号を変えることにある O
即ち，比較的低次の Nで記憶空間を構成した場合， s >Nなる欠落に対しては， α>Nなるα
の構成要素 H1α)(d)は，当然，記憶されてはいないのであるが， αき [(s+1)/2Jに対する H(α)
( 1 )は，それ以下の H1α)( 1 )に対して必ず符号を異にしているのであるから，若し，何らかの
方法を考え，前者を後者に加える;または，それと等価なことができればそれは少なくとも記憶
空間を増大させることなく， HN ( 1 )のところの漏話量は減少させることができると考えられる O
いま，何らかの方法が解決したものとして，このときの状況を調べてみる O




Gε( 1 ) =HN ( 1 )十H(，I(l)
このとき， N三[s/2JならばE三s-N，N>[s/2JならばE>Nに対して
Gε(1)〈 HN(1)
Gε( 0) - HN ( 0 ) 
がなりたつ。
〔証明JHN ( 1 )は， N+ 1個の H(α)( 1 )から構成されている O 即ち
HN( 1 )ニ UH(α) (1) 
である O このとき， [性質3Jより， N三[s/2JならばEさs-N，N>[s/2JならばE>Nを満た
すEに対しては， H(εI ( 1 )は，いつでも，負であり，一方， N<sであるから前章〔性質7Jよ
りHN(1りは正である。従って
Gε( 1 )ニ日v( 1 )十H(ε)( 1 )壬HN( 1 ) 
が成り立つ。一方， HN( 0)， H(εI ( 0 )は常に正であるから
Gε( 0 ) =HN( 0 )十H(εI( 0 )ミHN(0 ) 
であり，従って
Gε( 1 )/Gε( 0 )三H(NI( 1 )/HN( 0 ) 
が成り立つ。 口









二値のキーベクトルの高次相関情報は， 17Uへその次数がどのようなものであれ，常に， :l 1の




















Xi*(S)=∞l(X7，x;¥ i* X 
8 









このとき， Xs+ l' Xs+2' …， Xnは，各々，値Oではあるが，実は，記憶空間の偶奇性から sの
値によっては，それらの積の値を既知することができる。
即ち，i*EI ならば，記憶空間が偶の偶奇性をもっているものとすると
お よ 1 
n X~ 不・ n x.= 1 







n メn x= n x'不











いま， s=n-N+κ として K正 I0， 1， 2，…， Nf とすれば，既知の部分からは
K 
I: C /j~O'-'{S- K + ，1) 
個の圧いに異なる組合せをとりうる。
即ち， xjの添字集合を，J=lilj=1，2，…， s f として
J，l二 I(jlC1) .iz( /i')，…， jn-N+，](;1)) I j， (s )EJ， ν1， 2，…， n-N十戸|
(/1 = 0， 1，…， κ) 





















にすると，この後者の計算によって加えられるものは，実は， s次から s-"次までのみ κ+1 
個の高次相関情報としての構成要素 H{α)(d)，(a =s， s-l，…， s-")を加えたことになるこ
とは明らかである。 口




















1 ) Kogge， P.M : The Architecture of Pipelined Computer， Washington， New York， London : McGraw-Hill 
1981 
2) Foster， C. C : Content Addressable Parallel Processors， New York : Van Nostrand Reinhold 1976 
3) Frindler， N. V : Associative Networks， New York : Acedmic Press 1979 
4 ) Nakano， K Asociatron-a model of associative memory， IEEE Trans. Syst. Man Cyber. 2， 380-
388(1972) 
5) Kohonen， T : Correlation Matrix memory. IEEE Trans. Comp， 21， 353359(1972) 




7 ) Kohonen， T : Associative memory， Berlin， Heideberg， New York : Springer 1978 
8) Poggio， T. : Optimal nonlinear associative recall. Biol. Cybern. 19， 201-209(1975) 





Improvement of Interface between Anodically Grown Silicon Dioxide and Silicon 
J. NANJO. K. MlZUTANI. M. YOSHINO and S. NOMURA 
Abstract 
Properties of Si/Si02 interface， whose oxide is anodically grown， have been improved by annealing the speci. 
men at low temperature in hydrogen gas. The properties have been characterized by MOS C. V methode， AES 
and SIMS methodes. Hydroxyl groops contained in the as.grown anodic oxide films are resolved into oxygen 
and hydrogen and they combines with silicon dangling bond during annealing. The oxide annealed at 600"(: 
changes to stoichiometric Si02， but because the Si.H bonds are not stable. the transition region at Si/Si02 in. 
terface get rough and surface state density increases. With annealing at 450.C Si.H bonds in the oxide and Si/ 
Si02 interface become stable and surface state density decreses， but the composition of the oxide is silicon rich 
type. It was found that optimum annealing condition for getting the high quality composition and Si/Si02 inter 
face is to anneal the grown oxide first at 600.C and then follwed by at 450.C 
1.緒 日
今日. VLSI等集積回路の製造技術は急速に進歩している O この中で，より薄く，欠陥密度が
少なく耐圧不良のない電気的に安定なシリコン酸化膜をできるだけ低温で安価に形成することが























印加電圧は::l::12Vの範囲で変化させ，測定周波数は 1MHzである。 SIMS法並びに AES法に使
用した装置は ULVAC-PHI AQM-808である。試料励起源は電子銃，イオン照射i原は Ar+イオ
ン銃，エネルギ一分析器は円筒鏡面型である。 SIMS法は，真空度が1XIO-5 Pa， 1次イオンビー
ムは 1KeV，アルゴンイオンをスパッタリングしながら測定した。この方法で，正イオンを検出
するプラス SIMS (以下， CDSIMSと省略する)で酸化膜中の水素分布を，負イオンを検出する
マイナス SIMS (以下， 8SIMSと省略する)で酸化膜中の水酸基を検出した。 AES法による深
さ方向の分析の測定条件は，真空度がアルゴンリークで 1X 10-0 Pa，ビーム電圧が2KeV，ビー
ム電流が2μA，約200X200μmのラスターを施し， 1 KeVのAr+イオンをスパッタしながら行

















【$)Plasma S iO~ 
1.46 
9.3μm 
2 A Isec 
6~7 MV・口町 1
3.5~4.0 
0.1~5X 10' 6 0 ・cm
(，) Thermal SiO. 
1.46 
9.3μm 
2 A Isec 
6. 自~9 MV・cm-1
3.2 




















ラメータにしてある o p 並び、に
N型試料とも Revesz(7)の報告






1ー2 -10 B 6 -4 2ー D 2 4 6 8 10 12 
いが p型試料では. 600'Cで
アニーリングしたものが他より大きな












Fig. 1. Chapacitance-Voltage characteristics of MOS structures 
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3. Distribution 01 hydroxyl group in the as-grown ox-
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5. Distribution 01 hydroxyl groop in the oxide 
annealed at 600t. Pulse count ; -SIMS. 
Fig 
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Distribution 01 hydroxyl groop in the oxide 














































































































Distribution 01 hydrogen in the oxide annealed 
at 450oC. Pulse count ; +SIMS 
7 Fig 
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Distribution 01 hydrogen in the oxide annealed at 





Distribution 01 h、clro耳目1in the oxide 
















































での範囲とする。図中零位置は，酸素50%の |FIg 10 
位置である。遷移領域の幅は as-grown状
，.園、
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SPUTTERI NG DEPTH (1 unit = 20A) 
Chemical depth profile in the oxide annealed 
at 4500C or 6000C 
I SiLVV (92eV) 
SPUTTERING DEPTH (1 unit=20 A ) 
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ANNEALING TEMPERATURE (OC) 






Fig.-12は，酸化膜の組成を表わす酸素 KLLとシリコン LVVのAES信号比であるoas.grown 
状態で約2.46-2.50であったものが， 6000Cでアニーリングを施すと約2.69-2.73となり，この
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Application of Spread Spectrum Communication to Data Multiple Access 
Ichiro SUGIOKA. Hirokazu HOBO. Toshikazu KUROSHIMA and Shigeshi AKIY AMA 
Abstract 
The spread spectrum communication has attracted special interest recently. The remarkable features of the 
spread spectrum communication are 1) hiding the signal to detect for an unintended listener， 2) achieving the 
message secrecy in the presence of other listeners， (3) suppressing the detrimental effect of interference due to 
obstructing and possibilities of a) coding the signal for multiple access communication， b) selective calling， and 
so on. It is thought that the spread spectrum communication having above mentioned distinctive characteristis. 
tics is able to apply the construction of a LAN (local area network) system. In such a LAN system employing 
the spread spectrum communication technique， no collision detect and no investigation of the line state may be 
required. This paper descrides on a experimental system for data multiple access system applied some ideas of 
the spread spectrum communcation and the results of transmission test using its system. In conc1usion， we 
found that it is possible to build a effective data multiple access computer network system by means of spread 












今日，コンビュータ問のネットワーク }j式が種々開発され実用化されている O 現在実用されて
いる LAN(Local Area Network)システムにおいては，通信回線の状態監視や信号衝突の検出等
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y(t) =m(t) . cos [ 2π!ot十い(t)J (1) 





て，送信側で使用した PN符号と同じ PN符号 p(t)を拡散信号 Sj( t)に掛け合わせると，
SitJ=SltJX/(t) (3) 
となる O
(3)式で、表わされる二次復調信号 S2(t)において， p2( t)二 1であるならば， S2 ( t)= S 1 ( tl= y ( t) 
となって次変調信号と同じ形の信号になる。この信号を後段の一次復調部に入力し，情報信
号成分だけを通過する B.P. F (Band Pass Filter)を通すと原情報信号を取り出すことができる。
ここで， p2(t)= 1となることを符号同期がとられていると言い， PN符号の種類，時間的タイミ
ングおよび位相が一致していることである。
送信側と受信側の PN符号がそれぞれ Pj( t)， Pz ( tlで異なっている場合は，
SlL)=SP)XNtJ XPz{t) (4) 
となって，符号同期がとられず，原情報信号は復調されないことになる。
3.拡散符号
スベクトル拡散通信では，拡散符号として M系91J1 19)]() 1，変形M系列べ GOLD符号j13)等が用
いられる O これらの中で，本研究では発生するための回路構成が簡単な M系列を用いて実験シ
• • • • 




















表 1 ンフトレンスタの結線法と M系列数
段数 最長周期 符号数 M系列数 結 線 法
2 3 1 1 [2，1 J 
3 7 2 1 [3，1 J 
4 15 2 1 [4，1 J 
5 31 6 3 [5，2J [5，4，3，2J [5，4，2，IJ 
6 63 6 3 [6，IJ [6，5，2，IJ [6，5，3，2J 
7 127 18 9 [7，IJ [7，3J [7，3，2，IJ [7，4，3，2J [7，6，4，2J 
[7，6，3，IJ [7，6，5，2J [7，6，5，4，2，IJ 
[7，5，4，3，2，IJ 
8 255 16 8 [8，4，3，2J [8，6，5，3J [8，6，5，2J [8，5，3，IJ 
[8，6，5，IJ [8，7，6，IJ [8，7，6，5，2，IJ 
[8，6，4，3，2，IJ 
9 511 48 10 [9，4J [9，6，4，3J [9，8，5，4J [9，8，4，IJ 
[9，5，3，2J [9，8，6，5J [9，8，7，2J 
[9，6，5，4，2，IJ [9，7，6，4，3，IJ [9，8，7，6，5，3J 
10 1023 60 10 [10，3J [10，8，3，2J [10，4，3，2J [10，8，5，4J 
[10，9，4，IJ [10，8，4，3J [10，8，5，IJ 
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-3日
図-3 5次のM系列の自己相関関数・・・結線法[5， 3] 
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図-3および凶-4にそれぞれ5次 (n=5)で[5， 3]の結線法で得られる M系列と[5， 
4 ]の結線j去で得られる非M系列の自己相関関数を示す。
この凶からも明らかなように，結線法が[5， 3]の場合，周期=31，最大ピークニ31，第2
ピー ク 1，弁別指数(最大ピークと第2ピークとの差)=32であるが， [5， 4]の結線法で
発生される系列は，非 M系列であり，周期=21，最大ピークニ21，第2ピーク=1，弁別指数
二 20である O 後者の場合の弁別指数は， M系列の場合よりも40%以上低下している。このよう
なM系列の性質は，受信機の復調能力に影響する。
相互相関とは，相異なる 2つの符号系列の類似の程度を表わすものである O
図-5に5次 (n=5)で[5， 3]の結線法と [5，4， 3， 2]の結線法で発生する M系
列の相互十日間関数を示す。
図 5に見られるように，異なった M系列聞にも相互相聞があるため，スベクトル拡散通信
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項 目 仕 様
変 調 方 式 スベクトル拡散直接変調方式
主I 散 符 号 9次の M 系列(符号長511) 
クロック周波数 100kHz -200kHz (可愛)
伝 送 路 アナログ信号
使用パソコン 富士通 FM-ll AD2 (CPU 68809) 
{云 送 速 度 1200 bps 
伝 送 責主 態 単方向通信
1 次 変 調 F S K変調
端末イ'17-7%-7. RS・232C準拠
同 期 方 式 外部クロック同期
信号である。このディジタル信号を変調してアナログ信号に変換するために， AMD (Advanced 
Micro Devices)社製のモデム用 IC・Am7910を使用してモデムを作製した。このモデムは，一次
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IMPROVED FUZZY -SET TEMPERATURE DISTRIBUTION CON-
TROL FOR ELECTRIC FURNACE 
土手康彦・本間雅美
Yasuhiro DOTE， Masayoshi HONMA 
Abstract 
ln many control applications， ithas always been a challenge to the control engineer to control complex sys-
tem or non-linear system. To overcome these difficulties this paper presents an improved fuzzy-set control 
method whose derivation is based on knowledge of variable control systems rather than operator's experience 
Therefore， the proposed fuzzy controller is more simply designed， since a sliding curve (reference model) is 
utilized. The improved fuzzy-sel controller which requires less computational time is proposed. A fuzzy control 
algorithm is， generally， used to implement linguistically expressed heuristic control policies. Then it is applied 
to controlling a temperalure for an electric furnace. The resulting system， which has multi-structures， yields 
better control performance unrealized by linear controllers such as a PI0 controller. 
Key Words : fuzzy-set controller， variable control theory， sliding mode， rodust control 
1. Introduction 
Complex industrial processes such as batch chemical reactors， blast furnaces， cement kilns and 
basic oxygen steelmaking are difficult to control automatically_ This difficulty is due to their non 
linear， time varying behavior and the poor quality of available measurements_ In such cases auto-
matic control is applied to those subsidiary variables which can be measured and controlled， for 
example temperatures， pressures and flows. The overall process control objectives， such as the 
quality and quantity of product produced， has in the past been left in the hands of the human 
operator. 
In some modern plants with process control computers， plant models have been used to calculate 
the required controller settings automating the higher level control function. The plant models 
whether they are based on physical and chemical relationships or parameter estimation methods 
are approximations to the real process and many require a large amount of computer time. Some 
successful applications have been reported， but difficulties have been experienced where processes 
operate over a wide range of conditions and suffer from stochastic disturbances 
Thus， an alternative approach to the control of complex process is to investigate the control 
strategies employed by the human operater. In many cases the process operater can control a com 
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plex process more effectively then an automatic system. When he experiences difficulty， this can 
often be attributed to the rate or manner or information display or the depth to which he may ev. 
aluate decisions. 
The process operator's control strategy is based on intuition and experience， and can be consi 
dered as a set of heuristic decision rules or 'rules of thumb，l). However it is usually difficult to ex-
press and obtain operator's experience. Therefore， inthis paper， a decision rule part of a fuzzy set 
regulator is derived on the bases of knowledge on variable control system theories2J A litle know-
ledge of experience is introduced when the control rules are made. 
Then， Itis practically applied to a model following temperature distribution decoupled tracking 
for an electric furnace. As the electric furace has time lag， we use the information of the output 
forced model at the future time as the controller input variable. Experimental results are given 
The proposed controller is superior to the conventional PID controller. 
2. Description Of Control System 
An improved fuzzy-set control is practica'lly applied to decoupled thermal control for an electric 
furnace with three noninsulated fictitious chambers shown in Fig. 1. This process presents a num 
ber of significant nonlinearities along with time lags and diffusion effects which makes the control 
ler design particularly challenging. One of the nonlinearities is shown in Fig. 2. The thermal resist 
ance during heating is different from that during cooling. Also its dynamic characteristics with pa-
rameters varying widely as a function of the operating point (set point) change considerably. Cham-
ber temperatur巴sare interacting on one another which can be observed in Fig. 3. Each chamber 
temperature is controlled by requlating each thyristor controlled electric heater and on-off control-
led electric fan. Measurements of chamber temperratures are made with C. A. type thermocouples 
which possess nonlinear characteristics. Therefore they are compensated by utilizing a look-up 
table and an interpolation t巴chnique.A nonlinear and moving average digital filters are used to 
cancel noises containing in the measured signals. The thyristor power amplifier is linearized so 
that the output power is proportional to the input signal by solving numerically nonlinear algeb 
raic equations with “real time". This hardware consists of a CPU， an interface device， a thyristor 
phase controller， a fan controller， thermocouples and A!D converter shown in Fig. 4. The proposed 
control strategies are implemented with a microcomputer (PC-9801 NEC). A flow chart of aLgor. 
ithms used is shown in Fig. 5. A block diagram for the overall control system is illustrated in Fig 
6 
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3. Fuzzy Set Controller 
A fuzzy controller whose algorithm is derived on the basis of the variable structure theory， is 
designed for controlling the process. Therfore， the proposed fuzzy controller is more simply de 
signed， since a sliding curve (reference model) is utilized. The sliding mode method is as follows. 
Setting a switching line on the phase plane， we change the structure of controller to force the 
trajectory to stay on the line. A fuzzy control algorithm is， generally， used to implement linguisti十
cally expressed heuristic control policies. The resulting system， which has multi structures， yields 
better control performance unrealized by a linear controller 
The design procedure is described in detail as follows 
1) define the discrete fuzzy-set label shown in Table. l. 
2) define the controller input variables SL andムMand the controller output variable U. SL is 
defined by equation (1)，6 M isthe slope of the output forced model抗 thetime d ahead and6 
U is the derivative of control. 
Chamber 3 Chamber 2 Chamber 1 




Fig. 2 Nonlinear characteristic of electric furnace 
60 
o 600 
Fig. 3 Interactions among chamber temperature 
Fig. 4 Block diagram of the overall control system 
Input signal 
D1g1tal fllter 
Zero offset compensat1on 
L1near1ze 1nput data 
Compute control 
L1near1ze control power 
Convert power 1nto count value 
Output Control 
Fig. 5 Flow chart .01 control algorithm 
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Y 
Fig. 6 Control scheme 
SL二 C.E+ム2E (1) 
ム2E二 M(t十d) ふT(t)
Where E is the error， C is positive constant and ムTis the slope of the plant output 
control rules are expressed as 
“if SL is X1 andムM is X2 thenムUis X3" 
Where X1， X2 and X3 are fuzzy labels 
3) determine the control rules shown in Table. 2 on the basis of the variable structure theory 
The fuzzy inference is descl・ibedin dctail as follows 
1) detect the error and the force model then calculate SL andムM.
2) calculate the fuzzy control outputs ムui(i= 1，2， ・ぺ m where m is the total number of rule) 
Let membership functions of SL，ム M and ムUbeμSL' (1ムヘ，1'μムtIrespectively μムUicalcu-
lated as follows 
/1:， u二 minI ，11 ~ミL(SL C ) ， μ ム M. (ムMO ) I ^/九u (2) 




4) determine the control u (n + 1) 
u(n十1)二 u(n)+6u' (4) 
Fig. 7 shows an example of the derivation of the proposed contorol explanation 
The membership functions of the fuzzy label are given by the discrete table for shorter computa 
tional time. On this table， ifthe resolution of the quantized value is better， the control is more 
accurate but more computational time is required. Because it takes much time to calculate the total 
fuzzy inference and the center of gravity. So， we prepares two kinds of the discrete label tables 
One is by fine quantitization， the other is by coarse quantitization. The former is adopted to take 
the membership function value about the input value. The latter is used to calculate the total fuzzy 
inference and the center of gravity. Thus we obtain high performance control 
4. Experimental Resultsl And Remarks 
System time responses were obtained from actual measurements and stored in the computer， dis 
played on the CRT and printed out. Fig. 8 shows the time responses of the chamber temperatures 
for the proposed control methodology. Noninteracting smooth control were achicved. This method 
is an effective means of decoupled thermal controls for general electric furnaces. With a PID con 
troller， intcractions among chamber temperatures are obscrved in Fig. 9. This PID controller may 
not be optimum， however， to find the optimal PID controller parameters is tcdious procedure for 
such a slow process. Even the tuned PID controller can be easily detuned for system parameter 
variations which often occur in general processes 
5. Conclusion 
An improved fuzzy controller whose derivation is based on the variable structure theory is de 
signed for the purpose of reducin耳 theundesirable chatterin耳目 the sliding mode control. The 
proposed controller is superior to the conventional PID controller in its robustness and easy de 
sign procedure 
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Table Fuzz、labels Table_ 2 Control rule table 
P 8 : Posi t i veB i g SL 
P S : Posi t i veSma 1 NB NS zo 
N 8 : Negative Big PB PB PS zo 
N S : Negative Sma1 PS PB PS zo 
Z 0 : Zero dM ZO PB PS ZO 
NS PS PS ZO 
NB PS ZO ZO 
RULE 1 "1f 5L 18 Xl and必i18 X2 tben lU 18 X3 " 
RULE 2 "1f 5L 18 X2 and邸 18X2 tben 6U 18 X2 " 
RULE 3 "1f st 18 X2 and剖 18X3 tben lU 1s Xl " 
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MICROPROCESSOR-BASED NOVEL V ARIABLE STRUCTURE 
CONTROL FOR ROBOT MANIPULATOR 
土手康彦・篠島政明・吉村 斎
Yasuhiko DOTE， Masaaki SHINOJIMA and Hitoshi YOSHIMURA 
Abstract 
A new variable structure control scheme which consists of continuous adaptive gain feedback(PID and feed 
forward controls is developed to achieve accurate decoupled model following in a class of nonlinear time 
varying system in the presence of disturbances， parameter variations and nonlinear dynamic interactions. The 
method is based on modified model following control with an improved sliding mode， which results in reducing 
the undesirable chattering remarkably. In addition an external torque observer with which the effects of exter-
nal disturbances including parameter variations are roughly canceled is constructed. Then the developed 
method is practically applied to decoupled model follwing motion control for a two-degrees-of-freedom manipu 
lator powered by PWM transistor converter-fed servo motors. The overall control strategies are implemented 
with both NEC PC-9801F(Intel 8086 Microprocessor) and TITMS32020(DSP). The DSP is a very attractive 
hardware for the realization of the robust and fast observer algorithm. It is confirmed by experiments that the 
position trajhctories are smooth and track the desired trajectories (output models) accurately. It is found that 
this new controller is simple and easy to be designed， performs extremely satisfactorily and is superior to the 
“conventional" PID controller for the robot manipulator 
1. Introduction 
Th巴 accuratemodel following (tracking of desired trajectories) is the control challenge in the de-
velopment of modern industrial robots and manipulators in a flexible manufacturing system en司
vlronment. 
In the overall system there exist many nonlinearities including differential efficiencies depend 
ing on direction of motion and stiction entering and leaving the locked state， variable torque loads， 
gear train backlashes， compliance and well-known nonlinearities in a converter-fed dc servo drive 
system. This can be described by nonlinear differential equations. Physically， the coupling terms 
represent gravitational torques which depend on positions of the arm， reaction torques due to 
accelerations and centrifugal torques. The significance of these interaction torques depends on the 
manipulator physical parameters and the load it carries. The existing control algorithms emphasize 
nonlinear compensations of the interactions. These nonlinear compensations are complex and cost 
ly to implement， since such schemes suffer from the requirement of a detailed model of the manipu‘ 
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lator and load forecasting. They can not be implemented practicallylO.12-14) Model reference adap~ 
tive control (MRAC)， which belongs to a class of active adaptive controls， isalso applied to motion 
control of a manipulator. However， the global stability of MRAC systems in the case of uncertain 
nonlin伺 rplants is problematic， especially， MRAC is sensitive to external disturbances and yields 
very slow dynamic characteristics 
The sliding mode control17.9 1 yielcls robust control， however， the main drawback of this 
approach is that the control function is c1iscontinuous and results in causing the unclesirable chat 
tering phenomεna， although the method removes this chattering， itis too complicated to be actually 
81 implementecl 
This paper presents a methodology of a modifiecl moclel following control with an improved slid 
ing mode control in order to achieve c1ecouplecl tracking in a class of nonlinear systems (two 
degrees~o f- freedom manipulators) in the presence of c1isturbances， parameter variations and non~ 
linear c1ynamic interactions. In addition a robust and fast external force observer is constructed in 
order to cancel external c1isturbances roughly. The proposed control is based on a variable struc 
ture control scheme which consists of continuous adaptive gain feedback(PID) and feedforwarcl 
controls with an external torque observer ancl a forced output moclel (convolution model). A de守
sirecl moclel is generatecl in time series with a microprocessor. The feeclforward path with the 
observer， which is c1ifferent from 1151. is aclded in orcler to cancel the external disturbances rough 
ly ancl to make time responses faster. The feedback loop is for the purpose of obtaining the strong 
convergence properties of the error to the origin. 
The proposed improvecl sliding mocle control is continuous that not only guarantees that the 
error remains bouncled， but also that it tencls to an arbitrarily small neighborhoocl of the origin 
with a large rate of convergence 
Then the proposed methocl is appliecl to decoupled model following control for a two~degrees~of~ 
freedom manipulator powered by PWM transiston converter~fecl dc servomotors. The control 
strategy is implemented by an available microprocessor ancl a DSP 
This DSP plays an important role in constructing a robust ancl fast torque observer. The robust~ 
ness of the obtainecl controller which results in accurate decouplecl moclel following is confirmed 
experimentally. It is found that the system can be made robust by suitable choice of a forced model 
yielding very small steady~state ancl dynamic error and the controller can be easily designed since 
it requires less knowleclge of the plant. This paper is organzecl as follows. Firstly， the overall con-
trol system is illustratecl. Then. experimental results are presentecl ancl c1iscussed to compare with 
other presently available controllers such as a PID controller. 
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2. Novel Variable Structure Control Scheme 
The overall control scheme is show in Fig. l. The goal is then to find adaptive gain feedback 
and feedforward controls to nullify the erro e(t) as t→∞. In order to cancel the external disturb-
ance roughly and to make time response faster， the next adaptive gain feedforward control is ap 
plied， 
ら(t) ニKfDj~ ω gj
51， g; 
41=1+' ←--一
副 I51j I十δfl I gjI 
whereδfj is a positive constant and Pj is a positive definite matrix and Slj is a sliding curve. Ifδ 
パ=0， then the control is called a sliding mode control. A block diagram showing the generation of 
161 Kf仇お illust川 edin Fig. 2. This is a typical parameter adjusting mechanism except Sムノ
51 
Sム=SIB-4satvj
where世isa positive constant. Fig. 3. shows the relation of SムversusSli' 
Next an adaptive gain feedback control (PID) (extended sliding mode control) Ufbi is applied in 
order to stabilize the overall system asymptotically. 
Ufbj=KVPi I ej I +KvIJ I ej I dt
Sl 
K"n= 'K 
川 I51j 1+δbj 日
i51; 51， 
KV1j=( 1 + I '" I ~)一一←入一 'KV1t ，~ I 51j 1+δbj I 51j I 
where δbj' Kpj and K1j are positive constant. Fig. 4. shows the relation of KVpj and KV1j versus Slj' 
Near the sliding curve， an integral controller dominates. 
The design procedure for the controller as follows 
1 ) Determine a Liapunov function Vj(e;l， then evaluate a sliding curve， 
slj=boiPj [eli， e 2 il 
2 ) Calculate the controls， uffi and Ufbi. The convergence of the error between the outputs of 





Fig. 1. Control scheme 
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Fig. 2. Gain adaptive mechanism lor K(d' 
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Fig. 3. Function Sム01Sl， 
Fig. 5. External torque observer 
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3. Disturbance Cancellation With Observer 
As the recent robot manipulator is required to have mode quich and precise response， the fast 
servo system and low ratio gear (sometimes direct drive system) tεnd to be adopted in each joint 
motion control system. In such a case， coupled force disturbances among each joint become signifi 
cant 
In general sliding mode control is sensitive to persistent disturbaces resulting in chattering 
Therefore in order to cancel theεffect of disturbances roughly， a robust and fast torque observer 
whose derivation is based on well-known zeroing techniques， isconstructed. A DC servodrive sys 





a*=-(~+ーすす)， b*=一正子r rR;' rR: 
x __ * 
ui: servo amp input， F": inertia， Kb: counter e. m. f coefficient 
K *:servo amp gain，ω，angular VElocity，kftome constant 
B*，VIscous friction mfficlEMRjaI刷
ω。:reference motor speed， Te: total sum of coupled inertia force， centrifugal force， corioliv force， 
friction， viscosity， payload， gravity and stray force 








where， l/s + K(is a filter(observer). This shows in Fig. 5. The band width of the filter should be 
* wider than that of the external signal Te(s)/J ~ . Otherwise， a stability problem arises. Thus the 
estimated value Te(s)/J *， l/o is fed into * inFig. 4. The combination of the proposed control 
scheme and the observer yields a robust control for even a direct drive robot manipulator. This 




Te j*(s)十川(s) ムbuJs)=-sω(s)+b*'υ(s)+b*u，(s) 
where 
ムa二日*-aandムb二 b*-b 
This observer estimates the external distubances due to parameter variations. The observer can be 
easily realized by a fast DSP 
4. Description Of Control System 
The proposed method was practically applied to decoupled tracking control for a two-degrees-of 
freedom manipulator shown in Fig. 6. The heart or the system is a PC~9801(NEC) Microp 
rocessor. which is based on the Intel 8086. The system includes a keyboard input device. a CRT 
display. a disket memory and its driver and a printer which have been used for program develop 
ment and for storing and displaying the measured values. A Twelve bit D/ A converter provides 
sufficient accuracy for this control purpose. Programs are written in assembly language. For a 
sensor an encoder is used (0.72deg/puls). A PWM transistor converter-fed dc servomotor is util 
ized to power a manipulator. Hardware details are shown in Fig. 7. The program has several mod 
es of operation including 1) a data entry mode which the user can change program parameter 
(back ground) 2) a display mod where the measured and stored values are displayed on CRT and 
are printed out (back ground) 3) an automatic control mode where an improved sliding mode con 
trol is performed and the measured variables are stored (fore ground). The microprocessor 
finishes the complete set of ，- 一一一一一→ー
computations to control a man 
ipulator every 1.6ms (sampling 
time) and simply waits for the 
next cycle. Thus the ideal infi-
nite switching frequency is li 
mited by the microprocessor 




as follows. DC servo motor wl th reductlon gear ratlo l/50 
Thεcomponents which form Ann drlve gear ratlo 1/4 
the overall digital controller Fig. 6. Configl1ration of Robot manip111atOl 
contiguration are shown in Fig 
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8. This DSP(TMS32020) development sys 
tem consists of a NEC 9801 microp 
rocessor (Intel 8086) and a digital interface 
board， a TMS32020 and D/ A， D/D inter 
facc boards. In operation DSP programs are 
downloaded to the TMS32020 from the 
PC-9801 for excution. The TMS32020 
has the initialization program and date 
memory areas. Each block of data is trans 
fered from the host computer to the DSP 
Experimental data are brought from the 
TMS32020 to the PC-9801， then they can 
be displayed on the CRT or on the printer 




Fig. 7. Hardware details 
Fig. 8. Configuralion 01 DSP Controller 
5. Experimental Results 
Systcm time responses were obtained from actual measurements and stored in the computer， dis 
played on the CRT and printed out. Fig. 9. through Fig. 12. show the time responses of the man-
ipulator positions for the proposed control methodology. Noninteracting smooth controls were ac 
hived. This controller is robust. This modified model following control with an improved sliding 
mode method is an effective means of decoupled tracking controls for a two-degrees-of-fre巴dom
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manipulator shown in Fig. 13. 
Performance of the 
proposed controller 
and PI controller is 
compared in Fig. 14. 
This PI controller may 
not be optimum， 
however， it is a te-
dious procedure to 
find the optimal PI 
controller parameters. 
Even the tuned PI con-
troller can be easily 
detuned for system pa-
rameter vanatlOns 
which often occur in 
general system. The 
proposed controller is 
more robust and easier 
to be designed than 
the PI controller. Fig. 
15 shows the results 
for th巴DSPcontroller. 
Actually， a servo 
amplifier includes 
minor current and 
speed feed back loops， 
which part1y and 
roughly decouple and 
linerize this nonlinear 
system. This reduces 
the effect of al kinds 
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Fig目 10. Time response for persistent disturbance 
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3 2 that the new controller 
Time response for changed payload (Conventional sliding mode control) obtained. is simple and 12 Fig 
easy to be designed. 
performs extremely satisfactorily and is superior to the“conventional" available controller for the 
manipulator. Lastly. it is noted that the recent and rapid development of power electronics and 
microelectronics technology plays an important role in realizing the proposed control strategy. 
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DIGIT AL IMAGE RESTORA TION USING LOCAL ST A TISTICS 
HARUKI OHMINE， YOSHIKAZU ABE， Y ASUHIKO DOTE 
Abstract 
This paper reports a new algorithm for the restoration of defocused and noised ima耳e.To overcome signal. 
to.noise ratio problems， a nonstationary ima耳emodel was introduced. The restoration filter consists of two do. 
mam processm耳s.The first processing is for an adaptive noise reduction in the image domain. The second is 
for the image restoration in frequency domain. The proposed al耳orithmhave a merit that ed耳esin the degraded 
image is restored sharp without loss of the effect of the noise suppression. The restoration effects of our 
method were visualized by computer simulations and compared with the ones by the popular Wiener filter 























性を考慮し，局所的統計量として非定常平均 (nonstationarymean) とその分散(nonstationary 




メラなど)である o g (x，y) を観測画{象， f (x， y) を版画{象， n (x，y) を雑音とするとこの系は
以下のように表される。
g (x，y) 二 j二j二山内')fV，y' )仙什η(x，y) (1) 
ここで h(x，y，x'，y') は点ひろカすり関委文 (PSF: Point Spread 
Function)である。 PSFが位置によらず不変の場合[空間不
変 (Spatiallylnvariant) J， PSFはh(x-xヘy-y') と差形の
関数で表されるので、式(1)は次のようなたたみ込み積分の形を
取る O
g kv) =J:よ∞h(x-x'，y-y') f (x'，y')山 y十η (x，y)
計算機による処理を考え式(2)を次のように離散化する。
g (x，y) = L: L: h (x-k，y-z) f (丸I)+n (x，y) 
この離散フーリエ変換を求めると以下のようになる O














y二 [;(0，0)，/(0，1)，……，1 (m-l，m-1 )J7 (6) 
同様に g，nは耳 (x，y)，n (x，y) より作られるN次元ベクトルである。
g二 [g( 0， 0 )， g ( 0， 1 )，……，g (m-l，m-l)J T (7) 









E 1I ニ μ (9) 
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?↑ ↑ ???? (13) l' 
ヱの対角成分は，次の非定常平均で慣き換えられる。(具体的にはエッジ等の情報を表す。)
























画像 fとの誤走の 2乗の期待値が最小となるような fを推定画像として定める。
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局所的統計量を用いたデジタルi凶[f象復元フー ィルター
jニE I (j-I) T (j-I) 1 










E l(j μ)(j一μ)'1 ヱ























J寸 1I (三J{-~Il)ヱ;lg十三λilん 。7)
とできる O この式を次のように書き直す。
んニ 1" _" ) "， ~1η↓" ，， ~1 ど¥"'-晶:.. / ......と 1':" ......日。 -1[ -11' J?口 -11 f.[ /--X (2司
I=H-1g (2功
ここで/tk，Z只は非定常平均，非定常分散画像モデルで与えられるものとすると
日げ (x，y) ニJ7t t E (x kJ i) 




イ (x，y) ニiLjP11pig(x kJー 1)-，ug (川)I 2 (31) 
で表される。従って倒式は画像空間において
σ: (x，y)一σ!σ?




" H (υ l'ωフ)
(3) 
で去される逆フィルターとして知られている。もしも劣化系が無雑音でH(ω1・ω2)が零になる
点を持たなければ，復元画像は完全に原画像に等しくなる O しかしH(ω l' ω2)が零点を持っ
とその周波数成分に対しフィルターは設定できなくなる O 更に劣化像に僅かな雑音が重畳しただ
けでH (ω1 'ω2 )の値の小さな周波数成分で雑音が強調され良好な復元像が得られないという困
難も生ずる O したがってここではH~1のかわりに正則化を施した (WH+yI) 一 l H tを用いる O
yは正則化パラメーターである。
I= UtH+γJ)一lJtg (34) 
さらにHが線形摂間不変であることから，空間周波数領域における表現は
I1 (ω ，(υ，) * 
F( ω"ωヮ乙τ-~~G (ω"ωリ)








g (x，y) = よーす一一一--"g (x，y) +一一一土一一 μIf (x，y) σ; (x，y) σ;(x，y) 
空間周波数領域において
H(ωvωヮ)* 















1 -Ilx-x')'十1y -y') '1 .一一一
h (x-x'，y-y') て一一--::-e 2 o 。
Z πd 





PSF 8= 2.0 8= 3.0 
雑音の分散 Un=O.∞4 σ.=0.刷19
正則化パラメ-~- α= O.∞5 (c) α= O.∞5 (c) 
α= O.脱却5 (d) α= O.OOC抱 (d) 











































(ω"ωヮ)=一一ー っ 1 -~ c. 











ウィナーフィルターによる復元結果を図 3(c)，図 4(c)及び図 3(d)，図 4(d)に示す。
また本方法による復元結果を図3(e)，図4(e)に示す。ここで非定常平均項と，分散は p=2とし
て求めた。
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A Finite-dimensional Control Design for Parabolic Distributed 
Parameter Systems 
橋本 'f リj・佐藤弘樹・安部嘉一・土手康彦
Yukio HASHIMOTO， Hiroki SATO. Yoshikazu ABE and Yasuhiko DOTE 
Abstract 
A finite~dimensiona1 discret l' ~tim(、【listriblltion controller is designed for a class of distribllted parameter 
systemぉwithcontro1 iIJpUIぉinan(L or on the bod¥' The sy:;lems在redescribed by a partial differntial equation 
of paraboiJc t¥'jw. Th1' m川、IれてI{川Itpltsof thεsystem art' assumed to be obtained through a finite number of 
p0Il11町 nsorslocat1'cl in and川 on1h1' S¥メ11'01.The pro!川引c!controller is a combination of a low~spillover dis 
tribution obs1'l、叶はnda lincei 日tat1'f，'l'<iback law. Sufficient conditions are given for the existence of the out 
pul re耳u1ation.A praclical trade~off measlIr1' iぉ alsoshown belween the order of the controller and the sam 
plin耳 intenal.Th1' low~spillo\'er distriblltion obれ午、円 isrealized on the basis of an accuratεmodeling of the 
syslem which iメ d円 niIwc! in c!iscrete ti01e ancl conlains a special feedforward pass. By using standard state 
variable techniqll出 inthe finite~dimensional control theol、itbecomes possible for system designers to con 
struct a state feedback distribution obser\'er~regulator without trollblesome preparations sllch as sensor alloca 
tion to avoicl the obsel、ationspillover 
1. Introduction 
It is natural to try to design a control system for distributed parameter system on the basis of a 
rcduced ordcr model. Balas has given a modal control design method for the distibution control 
system， usmg Cl耳目lfunctionexpansion of the system state to get thc reduced order model121. 
Kobayashi has dealt with a construction of finite-dimensional state observer in the same way for 
parabolic distributcd parameter systems]l. Furthermore. Kobayashi showed a finite~dimensional 
servomechanism with state observer for continuous-time parabolic systems41 and for discrete.time 
ones"l. However， they al assumed that no observation spillover was presεnt 
For reducing the observation spil!over due to the infinite~dimensiona! nature of distributed par~ 
meter systems. at least three ideas havp been reported， but not the way of increasing the order of 
system model. The first idea is to !ocatじ sensorsat low spillover positions. The second is the re. 
duction by using a lot of sensors to approximate distributed sensors. Both are rεported by Balas21 
The third is the onc proposed by Fujii and Hirai(il， They added sensor infuence functions to the 
llsua! ba日isfor Galcrkin approximation and then produced a ncw basis by Gramm.Schmidt's ortho 
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gonalization. The observation spillover problems have been overcome by the modeling in which the 
Galerkin approximate solution is sought in terms of this new basis. The last method， however， fails 
for boundary observation. 
This paper solves the problems of spillover frOll a standpoint of an accurate system modeling. 
The systems are described by a parabolic type partial differential equation. Calling upon the fact 
that most of real distributed parmetcr systems are controlled through their boundaries， we deal 
with the systems which are driven by control inputs in and/or on it. In addition， for wide applica. 
tion of the theory， the boundary inputs are assumed to act on the system through mixed.type 
boundary condition. That is. this paper discusses the control problem of fOllOwing class of distri. 
buted parameter systems. 
oT(t. x) ;， o2T(t. x) . ;，. oT(t. x) .~， ，~ 
づ「 =liJFζ+11bJ一五γ+cT(t，x)+ iEpx)tt ;(t) 川
with a boundary condition 
M 
α(さ)T(t，';)+(1一α(.;))Vν T(t， .;)=i=E+lgM)ψi(t) on S 
(1. 1) 
where 0 is a bounded open domain in Euciidean r.space Rr with piecewise sufficiently smooth sur. 
face S， T(t， x) is a scalar valued function of time t and the spatial coordinate vector x=(xj・Iハ…-
Xr) and represents the state of the process， t > 0， scalar valued functions fj(x) (i = 1，…， M') are al 
H凸ldercontinuous everywhere the closure of O. control inputsいi(t)(i = 1. .， M') are also Holder 
continuous in any time interval [0， toJ. .;εS， V νdenotes the projection of gradient to the outer 
normal vector νonぞ， gj('; )εC2(S)， t;(t) (i = M' + 1，…， M) has昌 continllitythat dψJt)/dt is Hol. 
der continuous in any time interval [0， toJ. and α( .;). definccl Ol S， belongs to C2 and is further 
assumed to be 0壬α(.; )三1.It would be obvious that a particular case of α(.; ) = 1 corresponds to 
the Oirichlet.type boundaray problem， and α(.; ) = 0， the Nellmann .type one. 
It is possibe to formlllate the distributed parameter system by time evolution equation in the Hil 
bert space Hニ L2(0) and then disCllSS its dynamics， as many workers d071. In this paper， however， 
we restricted ollrselves to thぞ classicaltreatment on the distribllted parameter system， for the aim 
of immediate applications 
Use of a digital computer is i日cvitablefor realizatiolls of distribution control. Whenever a digit 
al computer constitlltes品 partof a control system， the continuolls signal must be discretized in 
order to be digcstible by the computer. Therefore the control design was developed in discrete. 
time form. As the proposed reduced order model approximates a time evollltion behaviour of the 
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distributed parameter system in a good accuracy， not only the observation spillover but also the 
control spillover can be neglected. By using standardstate variable methods， itbecame possible 
for system designers to construct a state feedback distribution observer-regulator without diffi-
culty. 
In Section 2， the distributed parameter system is transformed to the infinite-dimensional state 
variable equations by modal expansion method. A discrete-time reduced order model for control 
design is derived from thc rcsult. and simultaneously a practical trade-off measure between the 
digital sampling inteval司ndthe order of the reduced model is proposed in Section 3. In Section 4， 
We construct an idcntltv c1istribution state observεr and discuss the estimation error. In Section 5， 
a distribution re耳ulatorwith state observer is given and its regularity is proved 
2. System Transformation to State Variable Equations 
Let (ak) be a (r X r) matrix whose k-j compounent is akj in Eq. (l. 1). If (akj) is a symmetric posi-
tive definite matrix， then the system is transformed to the following canonical expression8) 
3T(t， x) ，~ 
づ了一=6，T(山
日 (~)T(t. ~)十(1 α(ミ))Vν T(t， さ)工戸;十lmwt) 叩 S (2. 1) 
whereムisa Laplaci肌ム =(δ切 :32/3x; ，山正)
Note that each quantity in Eq. (2. 1) is not same as that in Eq. (l. 1) any longer， although the same 
expressions are used in both sy汚tems.The assumption that (akj) is a symmetric and positive defi 
nite matrix would be justified by many examples of real distributed parameter systems. Therefore， 
we control the system described by a partial differential equation of Eq. (2. 1). The initial state of 
the system is assumed to be given by 
T(O， x) = To(x) in D (l. 2) 
Now， consider a self-adjoint partial differential operator A "ム +cwith homogeneous mixed-type 
boundary condition. There exists a following sequence of eigenfunctions and eigenvalu目的.






(2) the sequence of eigenfuncit問 IS1 o i/X); jニ1.2…. m; i = 1. 2. ..1 makes a complete ortho-
normal basis in L 2(D);削;represents the degeneracy of the eigenvalue A;・
Here let us renumber the subscripts of the eigenfunctions such that o I(X). o 2(x)， .and associ-
ated eigenvalues A l' A 2'…for the simple notation. and expand the system Eq. (2. 1) by eigen 
functions in order to get modal decomposition. This procedure gives the following infinite-





Ac=IAりI(∞×∞); A;j= A JJ;J 
Bc=IBり1(∞XM); For 1有:三M'. B;j=/;j' 
a耐
C(x)= [o j(x).併z(x)...] (lX∞) 
T(t. x)=C(x)e(t) 
3. Derivation of reduced order model 
(2.4) 
(~ fi) 
Let us suppose the system is sampled at every r seconds and the each control input件，(t)to 
the system is given by the output of Oth order holder. Then. Eqs. (2. 4) and (2. 5) are rewritten as 
e(た十l)=Ae(k)+Bu(k) (3. 1) 
T(k. x)=C(x)e(k) (3.2) 
where k=O. ]. 2 
Here. let us introduce followin耳目pacetk(、(河口POSiiil， This corresponds to the orth耳onalprojcctio日
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decomposition of the Hilbert space 12 to invarint subspaccs HP and HQ such as 12 = HP十HQ
ep(k十 1)=A rsp(k)十B1μ(た) (3 3) 
e(/k十1)=A(I(;!k)十β()u(k) (3" 4) 
T(k，x)二 Cp(x)ep(k)+C()(x)e()(k) (3.5) 
where N is chosen such that A ¥矢A¥+ l'and 
el'(k)ニ [e1 (た)， ez(た)， "'， eぷk)V
e()(k) = [eN十 1(的、+z(k)，… V
←N→ ←M→ 
AlJ olJ 
A= I I ~ 








B"， I ← N→ ω
Apニ la;jl(NXN); aJJ=eA'τδ り
β1'= IbJI (人!Xl'vI); For 1 ~j三A1'. h" =(e川 1)ん/A，
and 
CI'(x)二[<f I(X)， <f2(X)， "'，併九(工)] 
Many works neglected e() in Eqs. (3.4) and made a redllced order model of the system. In the 
foliowing discussions. we cali the finiお dimensionalapproximation of this type “truncated modal 
approximation (TMA)". In our redllced order modeling of the system， we lltilizεthe residllal modes， 
Zlnd produce an accurate model of the system in order to overcomεthe spillover problems. 
ThrOl帥 t川 tfollowi昭 disCllSメions，1 • Ilc 附 ansL 2 "norm on D. 1・111'and 1・1川芦liじ N
dimc日目1011λI Fuclidean and 1 -¥'(clor norm日守 respectively. The I川 IIof rnalrixes whlch ](;'1' vec 
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tor in normed X-space to one in normed Y-space is the one induced from the vector norm. That is 
IA Ilxy=supIIIAell/llellxl 
If X=Y. then the subscript of matrix norm is omitted 
Lemma 3. 1 For any given e. there exist r and N such that IIAQII < e 
Proof Consider the Reileigh quotient10). then one gets 
0<E;A;AQEQ/ε;tQ三官xp(2.iN+lτ) 
This means O<IIAQeQlluolll匂IluQ歪exp(AN+lτ) 
From the definition of the norm. one obtains 
IIAQII=巴xp(A川1r) 
Either the increasing r with N fixed or the increment of N with r fixed results in monotonous 
decreasing of IIAQII. It is obuio凶 thatsuch N and r exist.口
Consider the following system; 
ep(k+ l)=A〆p(k)+ Bpu (k) (3.6) 
T'(k. x)=Cp(x)ep(k)+CQ(x)BQu(k-1)ー (3.7) 
Theorm 3. 1 For any gien e. there exist N and τsuch that 
IIT(k.x)一T'(k.x)IIL，< e for al k 




For bounded inputs. there ex凶 sfin巾 rsuch that IleQ(k)lpQ歪F
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Hence 
IIT(k， x)-T '(k， x)llé~IIAQllr for al k. 
Using Lemma 3. 1， itcan be shown that for any given E， N and !' exist such that IT(付)-
T'(k，x)IIL2<ε.口
From Theorem3. 1， we can conclude that Eqs. (3. 6) and (3. 7) approximate the system be-
haviour in some accuracy and the degree of accuracy can be improved by choosing appropriate N 
and !' 
Next， supposing that the system is stable， we will express Eq目 (3目 7)in the first N-dimensional 
V巴ctorspace. The steady state distribution of the system can be calculated if a constant boundary 
input Us isknown: 
T(∞，x)=Cs(x)Us' 




Cons巴quent1y，we obtain the relation: 
。(k+1)=A〆p(k)+B戸(k) (3.8) 
T'(k，x) = Cp(x)ep(k) + 1 Cs(x) -Cp(x) (Ip -A p)-IBplu(k一1) (3.9) 
This is the reduced order model that we propose. The steady state output of the model， as a mat-
ter of course， complete1y coincides with the true one if time-invariant input is applied. For practic 
al appliations， itwould be enough to choose N and !' such that A N+ 1 !' ~ - 5， because al re-
sidual modes eQ damp faster than exp(A N+l !') during the sampling interval !'. In case of omitting 
the second term in Eq. (3. 9)， the resultant output error is estimated as 
IIT(k， x)-T'(k，x)IL2壬rfor al k. 
Therefore our reduced order model gives IIAQII tir肘 ssmaller output error than the usual TMA 
model in a sense of L2norm 
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4. Distribution state observer 
In this section .we construct a distribution state observer. The distribution state T(k， x) of the 
system is measured by L point sensors which are located at positions X1， X2，…， XL in and/or on the 
system. Then， the observation vector Y(k) is Y(k)εRL， and represented as 
Y(k) =Pep(k) + QeQ(k) (4.1) 
where P is a (L X N) matrix with i-j component ~ j(xi)， and Q， a (L X∞) matrix with i-j component 
~j+N(XJ 
Supposition 4. 1 The finite-dimensional subsystem (Ap， P) is observable. 
This supposition would be easily checkedll).12). Therefore， we assume the system is observable. 
Now we estimate the distribution state T(k;r) by using usual identity observer: 
ep(k+ 1) =Apep(k)+B戸(k)+K(Y(k)-Y(k)) (4.2) 
where K is a gain matrix. Y(k) represents an estimated output vector which is given by 
Y(k)=Np(k)+QBQu(k-1) (4.3) 
The estimated distribution state T(k， x) is 
(4.4) T(丸x)=Cp(x)ep(k)+CQ(x)BQu(k-1).
Theorem .4 1 For any given ε， there exist N and r such that 
JLE||T(h，Z)一T(k，x)IIL，壬E
in the ~ystem Eqs. (4. 1)， (4. 2)， (4. 3) and (4. 4). 
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I、IAp -KPlkllp(O)-ρi山IHI，IIKQIIHQHPIIAQII ， 11. 112~ 21.， IIKQII~ +一一一一一一一一一 '"'P¥'-'/IIHl←一 IIHQHPW'QII+ IAol12r 211 +一一一，"I1Q!!Lτ1. (4.5) 
一IAp-KPI ω(1一IIAp-KPII)
From Supposition 4. 1， one can set observer gain matrix K such that Ap-KP is stable (for exam. 
ple， by using popular pole allocation technique). The first two terms in Eq. (4. 5) approach to zero 
as k increases. The third term can be smaller than arbitraily given E: 2 with appropreate N and r 
from Lemma 3. 1. Therefore， 
JLt|lT(U)T(hl)||L2壬E 口
This identity observer estimates the distribution state T(k， x) in any accuracy. With a time. 
invariant input， the observer gives true estimation as time increases. lt is also shown， without dif 
ficulty， that the estimation error is always smaller than that of the TMA model， because of the fac司
tor IIAQI12 in the third term of Eq. (4.5). 
5胴 Distributionstate regulator 
We construct a state feedback distribution regulator with the obserser discussed in the previous 
section. The control scheme is given by 




where F is a gain matrix which satisfies 
IIKllllplIllBpllllFl1 三。!|Ap||;乙IIAp-B/'-KPIIたく1 (5.4) 
|lkillP||||Bp||||F|120IMpilh+|1K|||lQ||||AQ|||lh||||F||三。IIAQW<IふIIAp-BpF-KPIつ-1 (5.5) 
Suppose that desired output distribution T d(x) is a steady state solution of Eq. (2. 1)， and consid. 
er the error system of T d(X) -T(k， x). Then， the regulator problem is transformed to a stability 
problem around a null.distribution O(x). Assuming that Eqs. (5. 1)， (5. 2) and (5. 3) describe the 
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error system， we prove the stability. In this section， W(' omit subscripts of norms for a simple 
notatlOn 
Lemma 5. 1 If U(k) represents a state vector: U(k + 1) = AU(k)十V(k)，then the following inequal令
ity holds: 
Proof Considering that 




=llu(o)11 L 1i¥lk+ L L Ii¥WIIV(k-i-1)11 
エ Ilu(o)1 L 1Ii¥ 1"+ L 1Ii¥ Ili L IIV(k-i一1)1
た=() i=O k=i+ 1 
三lIu(o)11L 1i¥lk+ L 1Ii¥li I: 1i¥' L IV(k)1 
= L lIi¥k'IIIU(O)II+ L IV(k)11口
Theorem 5， 1 If the conditions (5. 4) and (5.6) hold， and (Ap， Bp) is controllable， an output T(kょ)
of the system (5，1)， (5. 2) and (5.3) always converges to a null.distribution 
Proof From Eqs. (5.1)， (5. 2) and (5. 3)， and from Lemma 5.1， we have 
501|tp(h)|lgbEJ|Ap|lhi|iEp(O)||+||Bp||||F|120|lEp(h)||| (5.6) 
1EQ(h)||三。IAQlkI IeQ(o) 1 + IIBQIIIIFllk~ollep(k)111 (5.7) 
501|。(た)1三。IIAp-BpF-KPIl"1 le-I'(o) 1+ IIKllllpl1三。Ilel'(k)1
+ IIKIIIIQIIIIAQII三oleQ(k)11 (5.8) 










Substitute Eq. (5.9) into Eq. (5.7)， then one obtains an inequality: 
11-d HBQlIFllkEollAQWf kEolIeQ(k)1三1lIeQ(O) 1+ y IBQIIFI f三。IAQW
Here， from the condition of (5. 5). 
1-d IIBQIIIIFllkEoIIAQW>O 
Thereby， itis concluded that 三olleQ(k)ll<∞
(5.10) 
(5: 11) 
The result (5. 11) means that 1匂(k)1approaches to zero as k increases. lIep(k)1I also converges to 
zero from Eq. (5.9)， and then lIep(k)I does from Eq. (5.6). Thus， one gets Theorem 5.1.口
Theorem 5.1 guarantees the output regulation of our distribution controller. Next we appreciate 
sufficient conditions (5. 4) and (5. 5). The inequality (5. 4) is a sufficient condition in order that 
the controllable and observable subsystem (Ap， Bp， K) is stable. Therefore， this condition can be 
easily realized by means of appropreate techniques in the finite-dimensinonal linear control theory. 
The second condition (5. 5) appears in connection with the control of residual mode eQ(k) by finite-
dimensional controller. Recalling that IAQI has been set very small (nearly equal zero) and 
pollAQl|与 1
it is not so difficut to set the observer gain matrix K and the regulator gain matrix F to satisfy the 
condition (5. 5). Thus， the system Eqs. (5. 1)， (5. 2) and (5. 3) works as a distribution regulator. 
6. Concluding Remarks 
A low-spi1over reduced order model was proposed for parabolic distributed parameter system， 
and a practical trade-off measure was given between the order of the approximate model and the 
sampling interval. The reduction of observation spi10ver made the constrains on the number of 
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sensors and on sensor positions in the control system almost free. As the result， itbecame possible 
for system desigenrs to realize a state feeaback distribution observer.regulator without difficulty 
by using basic techniques in the finite-dinensional multi-input multi-output linear control theory 
For the proposed distribution regulator， sufficient conditions were given in order to guarantee the 
output regulation of the control system. 
This low-spillover reduced order model would be available for the control design of ser 
vomechanisms for distributed parameter systems of the parabolic type. 
Acknowledgement 
The Authrors are very grateful to Professor Shigeru Nomura and Professor Hiroshi Tazawa at 
Depatment of Electronics Engineering in Muroran Institute of Technology for their encourage-
ments 
APPENDIX: Derivation .of Infinite-dimensional State Equations 
Let us introduce functions defined by Wn(t， x) = exp( A "t)世，(x)，(n = 1， 2，…)， It is easily shown 
that these functions satisfy the equations: 
elW.，(t.x) 
一一ー←=AWjt.x) in D， 
elt 
(A.1) 
α($ Wn(t， $)十(1一α($)) V' νW，(t $ )=0 on S (A.2) 
Then 
d r r elT elW 
コ~I T(t.x)Wム(t，x)dx= I "'， W.dx+ I T← Eナdxuι"'D "D (.:n "D r.:n 
=t1ムT+川 j/z(Z)札(t)iWJx-jDT|ムWI1+川 dx
After simple manipulations and using well known Green's formulal3)， we have 
=jJ川ψ川
Thus， we obtain an useful equation for the system interprctation 
j aT n z j aw j tf j 一一Wndx= -J ~ T--:;-!'-dx + J ~ 1 W" V'νT-TV' 1 W" IdS+ E.l J JJx)W"dx I su i (A.3) 
D elt JD elt Js' '" i=1 'J[j" 
By the way， following relations hold everywhere on the surface， and at any time 
146 
























substute them into. Eq. (A. 3) together with Eq. (A. 4). Now， we execute the integrations， and obtain 
infinite-dimensional state variable equations (2. 4)and (2. 5) for the distributed parameter system 
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PROPAGATION OF ELASTIC WAVE IN TWO LAYERED CONCENTRIC CYLIN-
DER HA VING DIFFERENT ELASTIC CONST ANTS 
松岡健一・岸 徳光・菅由紀之・能町純雄
By Kenichi MATSUOKA， Norimitsu KrsHI， Noriyuki SUGATA and Sumio NOMACHI 
Abstract 
Propagations ofaxial， flexural and torsinal stress waves in a two concentrically layered cylinder; an inner 
solid an outer annular cylinders of different elastic moduli each other， isinvestigated as an eigen value prob 
lem of the coefficients matrices of boundary conditions which are derived from the solution of dynamic equa-
tions of cylindrical coordinates by means of Hankel transforms 
The discussions are around the variations of wave velocity with the chage of ratio between wave length and 
the diameter of the outer cylinder， and the wave modes for various wave length. The numerical calculations 











































FAmk=αm/2μ+(m+ 1 )Amk+(m-1 )Bmk-iNEm/ 2 
FSmk=αm/2μ十(m+1 )Amk+(m-1 )Bmk+iNEm/2 
Fc問戸sm/2μ+(m十 1)Amk-(m-1 )Bmk十iNEmk
x:;(Nj)/Nμ O 
Kmk= I O X向 (N r) /N ms p 
μ 
O O 
ρ /J .¥ 
工:ー z
図-1 円柱座標




(μN2/ρω2)i x::(NJ)/Nu-NαXZ(NJ)/N21O |(4) 
i( 2μN/ρω2)iG?(Nj)-Gf(Nノ)lGf(NJ)
ここと，N=ω/v，N12N2-ρωり N2a=N2- Pω2/ (2μ + A )， ρ:円筒の密度， μ A
Lameの弾性定数であり ，mは波動の円周方向のモードを示すもので，m= 0のとき縦波動，m= 
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Rrl(N7)=4(N川 m仙台 ] )一(一1)1叩 Im(Nak_]岡山) (6) 
ただし，1， Kは変形第 1種および第 2種の Bessel関数である。また式中の系数α s，A， B， 
Eは円筒の内外面の変位および応力で与えられるもので次のように示される O
αmk一τrH'")戸げ /3 mkニ σ11.)r=ak' A mk = A mr) r=akl ak， Bmk=Bm)r=向/ak，
Fmk= W"，)r=げ て同 =r巾 1 sinm B exp[iω(t-z/v)]， σr = (J rm cosmθexp[iω(t-z/v)] (7) 
2.2 ねじりj皮重bに士ナして
ねじり波動のみが伝播する場合は
Uニw=σ 二二 σ σ 二二 r 二 r ニ=り。 .rz (8) 
とおくことが出来る O ねじり波動の伝播速度を Vとすれば，
このとき残りの変佼および応)J成分は2.1と同様に
f=fexpliω(t-z/V) I (9) 
と表わせる O この時の波動方程式は
ar rθ/ar+ 2τyθ/γ+δり z/3zzρδ2V/at2 ?? ??
であり，これの変位Uおよび応力成分rrθ は円筒の場合に 図 2 二層同心円柱
c=CI C(I)(Nj)十C2C(2)(N"r) 
??








ここで，1， K， k， j， ao' al' azは，2.1と同様である O
以上が円筒に対する変位式であるが，円柱の場合は，az= 0として k=1の項のみを考慮する










A"""， J._， =ac A"，e，" B，， J._， =a mr.Jノr=ak INk~J. mk'l' ~mr'lJr=ak た mk.l (16) 
円柱に対して











Ul)r~a2 =UZ)r~げ V1 )戸町= VZ)r~a2 AmZ・j=Am1.2，Bm2.1=Bml・2' (21) 
W1)r=a， =W2)門 2' Em212Em1・2' (2) 
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τ7θ ・1)戸αrrθ・2)円 12 αm2.j-α ml・2' (23) 
σ，.j)戸町=σ r'2)門 2' /3 m2・1=(1 ml・2' (24) 






V'.=n" =V?=""， C?.，=C lニa2 v2r=a2' '-'2 ・ ~j ・ 2









数値解析は，縦波動 (m=0 )，曲げ波動 (m=1 )およびねじり波動に対して行ない，円筒と
円柱の弾性係数，ポアソン比をそれぞれEl' ν1・E2' ν2として次の2つの場合について行った。
i ) E]<E2の場合 (Case1 ) 
このとき，円柱の方が円筒より大きな弾性係数をもっ場合であるがこのとき用いた数値は，
ν1=1/6，ν2=0.3， E/E1 =7 .0，ρ/ρ]=3.2， a/a]=O.O， 0.25， 0.5， 0.9， l.0 
ii) E2<E]の場合 (CaseI ) 
このとき，円筒の方が円柱より大きな弾性係数をもっ場合であるが，このとき用いた数値は，
ν]=0.3，ν2=1/6， E/E2=7.0，ρ/ρ2=3.2， a/a1=0.0， 0.25， 0.5， 0.9， l.0 
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azlaj 0.9， 0.5， 
0.25に対してそれぞ
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図 7 次の縦波動モード (Case1 ) 
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図 9 一次の曲げ波動の位相速度分散曲線 (Case1 ) 図 10 次の曲けや波動の位相速度分散曲線 (Case1 ) 
v 
2.5，‘ l 、 2.5
E，/E，-7.0 
¥1，=1/6 v ¥1，=0.3 




0.0 0.5 1.0 0.5 0.0 
0.5 
0.0 0.5 1.0 0.5 0.0 
一一一一一一8，/1 1/8，←一一一一一 一一一一-8，/1 l/a‘一一一一一






























図-13 一次の曲げ波動モード (Case1 ) 







































図ー14 次の曲げ波動モード (CaseI ) 
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図ー16 一次のねじり波動の位相速度分散曲線 (Case 図 17 一次のねじり波動の位相速度分散曲線 (Case
、〉. 
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， ， 円筒部に著しCase Iで，
JYVEILI 












なるに従い Case1では変位むと応力 r8 zは円筒部に集中し rrBは円筒と円柱の境界に集中
し， Case Iでは変位，応力とも円柱部に集中している。
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Moment-Rotation Relation of Top-and Seat-Angle Connections 
Norimitsu KISHI， Ken-ichi G. MATSUOKA， Wai-Fah Chen* and Sumio G. NOMACHI** 
Abstract 
In this paper. the moment-rotation relationship of the top-and seat-angle steel heam-to-column building 
connection is developed_ In this development. the initial elastic stiffness and ultimate moment capacity of the 
connection are determined by a simple analytical procedure_ Using the initial stiffness and the ultimate mo-
ment capacity so obtained. a three-parameter power model similar to that of Richard and Abbott (1975). was 
adopted here to represent the moment-rotation relationship of the connection. The analytical model is found 
in a good agreement with the experimental results 
* Professor and Head of Structure. School of Civil Engineering. Purdue University. West Lafayette. IN 
47907 U.S.A 
* * Professor and Associate Dean of Scientific Affair. Department of Civil Engineering. College of Industrial 
Technology， Nihon University. Narashino. Chiba 
1. Introduction 
In the analysis of steel frame structure it is customary to assume that the beam-to-column con-
nections are either perfectly pinned or perfectly rigid_ However， itis recognized that an actual 
beam-to-column connection in a building frame always possesses some flexibility in its moment-
rotation behavior. 
The newly published AISC/LRFD specification (1986) designates two types of construction in 
its provision; Type FR (Fully Restrained) construction and Type PR (Partially Restrained) con 
struction. If the type PR construction is used， the effects of the connection flexibi¥ity on the be-
havior and strength of these frame structures should be considered in the analysis and design pro 
cedures_ The semi-rigid joints will have a destabilizing effect on the overall stability of frame 
structures， since additional drift will occur in the joints as a result of the decrease in the etfective 
stiffness of the members to which the connections are attached_ Such effect has been studied by 
Lui and Chen (1986). and Goto and Chen (1987). among others. 
The semi-rigid beam-to-column connections play a very important role in the LRFD procedure目
Though several researchers have published papers discussing the connection rigidity for al 
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connection types in steel frames， since C.R. Y oung performed experiments to estimate the rigidity 
of steel frame connections in 1917; however， the connection behavior has not been standardized 
yet At present， the significance of the data base， that is the collection of experiments for beam 
to-column connections conducted worldwide， ismuch emphasized. Nethercot (1985) conducted a 
literature survey for the period 1915-1985 and reviewed al steel beam-to-column connection test 
data and their corresponding curve r:epresentations. Goverdhan (1983)， Kishi and Chen (1987) 
collected extensively the available test 'data on moment-rotation characteristics and compared the 
experimental results with various prediction equatioris 
In this paper， an analytical procedure is developed to predict the moment-rotation characteris-
tics of the top-and seat-angle connections by determing first the initial stiffness and these ulti 
-mate moment capacity of the connections_ The three-parameter elastic-plastic stress-strain model 
proposed previously by Richard and Abbott (1975) is then used to represent the moment-rotation 
behavior of the connection. The experimental results reported by Hechtman et al. (1947) are 
used here to verify the procedure. 
2. Formulation of the Prediction Equation 
2.1 General 
A typical top-and seat-angle steel connection is shown in Fig. 1. In the design of such con-








? ? ， ? ?
Fig. 1. Typical Top-and Seat-Angle Connection. 
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COLUMN 
Fig. 2. Deflected Configuration of 
Top-and Seat-Angles at the 
Elastic _Condition. 
Moment-Rotation Relation of Top-and Seat-Angle Connections 
2) the top angle is provided merely reaction and does not provide any restraining to the beam 
However， for lateral stability of the beam and is not considered to carry any gravity loads 
according to experimental results conducted by Hechtman et aL (1947)， Altman et aL (1982) and 
Azizinamini et aL (1985)， ithas been clearly shown that this connection rotates at the critical sec-
tion of the seat angle， and that the top angle provides resistance to the bending forces at the end of 
Thus， the top-and seat-angle connection belongs to the Type PR the beam as shown in Fig. 2. 
construction in the AISC/LRFD specification 
Initial Stiffness 2.2 
To determine the initial elastic stiffness Rki， we assume that the top-and seat-angle connec 
tion behaves in the following manner: 
Materials of the top and seat angles are linearly elastic and their displacements are smal!. 
The center of rotation for the connection is located at the leg adjacent to the compression 2. 
beam flange at the end of the beam， (Point C in Fig. 2). 
The top angle acts as a cantilever beam in which the fixed support is assumed to be at the 3. 
fastener-hole edge near the beam flange in the leg adjacent to the column face as shown in Fig. 
3. 
The resisting momεnt at the center of rotation is so small that it can be neglected 4. 
Based on these assumptions and considering the shear deformation in leg of the top angle， the hori 
BOLT 
NUT 







Cantilever Model of the Top Angle. 
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3・(EI)、. (gj)Z . (1) 
in which 
EI bending stiffness of the leg adjacent to the column face. 
gj = gt3-D/2-t/2 (Fig. 3) 
D db， the case using rivets as fasteners 
W， the case using bolts as fasteners 
db fastener's diameter 
W nut's width across flats 
t thickness of the top angle (Fig. 2) 
g/ gage distance from the top angle's heel to the center of fastener holes in the leg adja 
cent to the column face (Fig. 1 or 3). 
Here， the coefficient of shear deformaticm is taken as k=6/5 (Gere and Timoshenko， 1984). 
The relationships between the horizontal displacement d. and the end rotation θr， and the 




dl the distance between the centers of the top and bottom angles as shown in Fig. 2. 
(d+t/2+t/2) 
where 
ts thickness of bottom angle， and 
d the total depth of the beam section. 


















2.3 Ultimate Bending Capacity 
(5) 
Based on the experimental results by Altman et al. (1982)， we assume the collapse mechanism 
for the top-and seat-angle connection as shown in Fig. 4. Since the distance between two plas 
tic hinges is rather short compared with the top angle's thickness， we take into account the effect 
of shear force on the yielding of the material 
The work equation for the mechanism shown in Fig. 4 with the plastic moment Mp， and the 
shear force in the top angle leg Vp， (force P in Fig. 3) is given by 
2.Mp・() = Vp.g2・θ (6) 
Using the Drucker's yield criteria (1956) for the combined bending moment Mp and shear 
force Vp 
MP. . . t争 1(A瓦)+(j;否)'= 1 (7) 
in which Mo and Vo are respectively the plastic bending moment capacity and the plastic shear 
force capacity of the angle leg without coupling. Using the Tresca's yiεlding criterion， we have 
TOP ANGlE 
Fig. 4. Mechanism of the Top Angle at the 
Ultimate Condition. 
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Mo = σy・lt・(tt)2/4 (8) 
Vo = 6 Y・It.t/2 (9) 
in which σy is the yield stress of the top angle. Substituting Eqs. (6)， (8) and (9) into Eq. (7) and 
rearranging， (Vp/Vo) is obtained as 
VP. gっ Vp
(-::-)"+ーニ(一一)一1=0
Vo - t' Vo 
(10) 
The uitimate shear strength v争canbe determined by solving Eq. (10) 
Taking the moment with respect to the center of rotation in the leg adjacent to the compress-




Mos plastic moment capacity at point C of the seat angle in Fig. 2. 
6y・ls・(tl/4 (12) 
Mp plastic moment capacity at point Hz of the top angle 
dz d十t/2+k (13) 
k distance from the top angle's heel to the toe of filet as shown in Fig. 4 
2.4 Modeling the M-() r Relationship 
Using the initial connection-stiffness Rki and the ultimate moment capacity Mu of the connec-
tion， the moment rotation (M-θr) relationship can be represented adequately by the power model 
M= 
R-θy 
../fl .¥nl 1In +Rkp・θ711+ (θγ/()o)"f 11 
(1唱
in which 
Rkp plastic connection stiffness 
Rt = Rki-Rkp 
θ。 areference plastic rotation 
n shape parameter 
The connection stiffness Rk in Eq. (1品is
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dM R1 
Rk 'n' ，ム 1同 +Rkpdsr 11+(sr/θ0) n I I叶 1)/
(15) 
For an elastic-perfectly plastic moment-rotation curve， Rkp=二0，Equations (14) and (15) reduce to 
RM・θr
M= 唱/I1+UJγ/ e 0)11 1In 
dM Rki 
11十 (e r/θ0)111 (叶1)/1Rk = dsr 
(16) 
(1カ
in which e 0= Mu/ Rki. Equations (16) and (1わ representthe M-e rrelationship and the stiffness 
of the top-and seat-angle connections， respectively. The power model was originaly proposed 
by Richard (1961) and later applied by Goldberg and Richard (1963). 
This power model is an effective tool for designers to execute the second-order nonlinear 
structural analysis quickly and accurately. This is because the connection stiffness can be deter 




Rki・11-(M/Mu)" I 1In (18) 
3. Experimental Verifications 
To verify the power model proposed here， for representing the M-θr curve of the top-and 
seat-angle eonnections， the tests by Hechtman et al. (1947) are used. Rivets are used for fasten-
ers in these tests. The comparison on each level of ultimate moment capacity is done. The re 
sults are shown in Fig. 5. to 8. In these figures， the experimental results are compared with the 
analytical power model， the polynominal model proposed by Frye-Morris (1978) and the modified 
exponential model as the curve-fitting method introduced by Kishi-Chen (1987). Selecting a suit-
able value for the shape parameter n， the results obtained by the power model agree rather well 
with the experimental results similar to that of the polynominal and modified exponential models 
It can therefore be concluded here that the proposed power model represents ad巴quatelythe mo 
ment-rotation behavior of the top-and seat-angle connections 
4. Conclusions 
In this paper， the'moment-rotation relationships of the top-and seat-angle connections are de-
veloped. The initial stiffness and the ultimate moment capacity of the connections are determined 
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analytically and used as two of the three parameters in the proposed power model. The prop-
osed power model is found in a good agreement with available results. The power model can be 
easily implemented in a second-order nonlinear structural analysis_ 
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Sixty-Year Old Concrete in a Marine Environment 
Shinobu OZAKI and Noriyuki SUGATA 
Abstract 
The deterioration of concrete structures due to age， particularly in marine environments， has recently be 
come a subject of great concern. In this study， the properties of 60-year old concrete in a marine environment 
are examined， taking the opportunity of the demolition of the northern breakwater of Muroran Port in 1984 to 
obtain samples. As a result of the study it was found that the concrete， which was made from blast furnace 
slag and volcanic ash and appeared to contain sea sand， had scarcely deteriorated at al!， even though it had 
been exposed to sea water environment for 60 years 
1. Introduction 
Because of the increasing num.ber of aging concrete structures， the deterioration of concrete due 
to age is becoming increasingly important. Many studies have been conducted into this problem， 
among them being case studies performed on aging， obsolete concrete structures. These studies 
provide important data on the long term durability of concrete. 
In this study， the opportunity of the 1984 demolition of the northern breakwater of Muroran 
Port， constructed about 60 years ago， was taken to perform tests for mix proportion estimation， 
salt content and neutralization， on aging marine concrete. The concrete strength was also mea-
sured， and the corrosion status of the reinforcing bars examined 
2. Northern Breakwater of Muroran Port 
According to thεfirst-term colonization plan for the exploitation of Hokkaido (1)， work on the 
northern breakwater of Muroran Port commenced in 1918. The hydrographic conditions at Muror-
an Port are relatively mild; the average wave height is approximately 30 cm， and the probability 
of the wave height exceeding 1.6 m， approximately 1 % 
The breakwater is composed mainly of reinforced concrete caissons， with a reinforcement ratio 
of about 0.33%. As shown in Figure 1， the caisson height was 7.9 m， and the top was installed at 
a level of 0.3 m above the datum plane. The concrete caissons were filled with concrete and a 1.3 
to 2.7 m thick upper layer was cast on top of caissons. Cocncrete protection blocks， each with a 
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Fig. 1. Breakwater and sampling of concrete 





ash crushed s. 
Caisson I sum配 0.8 0.2 2.5 5.0 
cast inlwi川 er 1.0 0.1 2.2 5.0 
Fi 11 concrete 
1.0 1.0 10.0 20.0 
1.0 8.0 16.0 
Concrete b10ck 1.0 1.0 5.0 10.0 
Table 2 Concrete properties 
Compressive Unit 
Location strength weight modu1us 
(kg/cm2) (kg/m 3) (105kg/cm2 
R.C. caisson 347 2372 2.69 
Concrete b10ck 181 2236 1. 58 
恒型空r竺ー rete 254 2269 2.27 
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weight of 27 tons， were installed on the same level as the foot of each caisson 
3. Concrete Samples 
Six cores and 5 crushed block samples were taken from the reinforced concrete caissons， 7 
cores and 1 crushed block from the upper concrete， 15 cores from the foot protection blocks， and 
one crushed block from the fil concrete. The crushed block samples from the caissons were taken 
at -1.5m -3.0m， -4.5m， -6.0m， and -7.5m from the datum plane as shown in Figure 1 
4. Mix Proportions and Concrete Constituents 
According to the construction records (1)， the mix proportions of the concrete were as shown in 
Table 1. The cement used was blast furnace slag cement manufactured by the Wanishi Iron Mill of 
the Japan Steel Works Ltd.， and was known to have a specific gravity of 2.85 (bulk density: 1023 
kg/m¥ The cement appeared to have been made from granulated blast furnace. slag， of which the 
main components seemed to have been approximately 50% lime and 29% silica， each with a 1 % 
insoluble residue and ignition loss， mixed with 15 to 30% Portland cement， and proper calcium 
hydroxide. 
Volcanic ash from the Toya area seemed to have been used in the mixing of the concrete， which 
was performed under the directions of Dr. Hiroi， who introduced the use of volcanic ash at Otaru 
Port in 1902. Sea sand from Kogane beach in Date appeared to have been used as the fine aggre-
gate， while gravel and crushed stone from Masuichi beach were used as the coarse aggregates. 
5. Compressive Strength and Mix Proportion Estimation 
Compressive strength tests were performed on 3 cores from the caissons， 5 from the upper con-
crete， and 8 from the foot protection blocks. Table 2 shows the average compressive strength， unit 
weight and elastic modulus for each group of samples. The compressive strengths of the samples 
from the caisson and the upper concrete werεrelatively high. However， according to the results of 
the mix proportion estimation tests， by means of chemical analysis based on the reports of the 
Committee on Concrete of the Cement Association of Japan， the concrete mixture was considerably 
lean. Table 3 shows the estimated mix proportions. The water / cement ratios were dubiously high 
in comparison to the values recorded at Otaru Port (2). 
Considering that the recorded tensile strengths of mortar briquette specimens made during the 
construction of the caissons was approximately 8 kg/ cm" at the age of 1 to 2 weeks， the concrete 
seems to have retained its strength even after 60 years of exposure to a marine environment. 
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Table 3 Estimated mix proportions 
Estimated unit content Water 
Location 
(kg/m 3) cement 
Aggregat;巴 G rat工O
Water Cement vo1canic ash (も)
R.C. 136 186 2032 73 Caisson 




164 177 1960 92 
Table 4 Porosity of mortar in concrete. measured by 
mercury porosimeter (c/g) 
Range of pore size(いm)Tota1 Location 0.003-10 I 10-100 poroclty 
-1.5m Surface 0.065 0.005 0.071 under portion 
datum 8cm from 
0.064 0.010 0.075 I p1ane surfac巴
-6.0m Surface 0.064 0.006 0.069 urider portlon 
datum 8cm from 0.052 0.006 0.059 p1ane surface 
Ordinary 
0.049 0.010 0.059 concrete 
L四嗣
6. Porosity 
Table 4 shows the r~sults of porosity measurements performed on the concrete mortar using a 
mercury porosimeter. The sea water depth appears to make litle difference， however， the porosity 
of the internal concrete in the lower part of the caisson was quite low， being approximately the 
same as that of ordinary concrete. Figure 2 shows the pore size distribution in the concrete mor-
tar. The pore sizes were generally smaller than those of ordinary concrete， aithough the total 
porosity was the same. This is thought to be due to the use of volcanic ash， which improves the 
water tightness by a pozzolan reaction. 
In addition， the water absorption coefficients， measured in accordance with the test for the 
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aggregates. were quite high as 
shown in Table 5. From this table 
it can also be seen that the coeffi 
cient for the surface portion of the 
foot protection blocks is unex争
pectedly low 
7. Corrosion of Reinforcing 
Bars 
Samples of reinforcing bars 
were taken at sea level and at一
6.0m from the datum plane. and 
their corrosion statuses tested in 
compliance with the ]CI standard 
After the corroded portions and 
corrosive dεvelopments on the 
reinforcing bars had been noted 
and their weights recorded. the 
bars were immersed in a 10% 
ammonium citrate solution to re 
move the corrosion products 
Table 6 shows the results. It can 
be seen from these values that the 
corroslOn of the bars was 
minimal 
8. Chloride Content 
Tests for determining the chlor 
ide content of the concrete were 
performed in accordance with the 
test method for the chloride con 
tent of sea sand. issued by the 
~1. 2 
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Fig. 2. Pore size distribution of mortar in caisson concrete compared 
with ordinarv concrete 




R.C. caisson 7.3 8.7 
Concrete b10ck 6.9 7.9 




Table 6 Corrosion of o 19 mm reinforcing bars in caisson concrete 
Concrete Weight Corroded Corroded 
Location cover 1055 thickne55 area 
(nn) (%) (nn) (%) 
Near 5ea 175 0.66 0.33 11. 7 water 1eve1 


























o 5 10 15 cm 
Depth from surface of concrete 
Fig. 3. Salt content in the concrete cores of breakwater 
Japan Society of Civil Engineers and the Japan Road Association. The chloride content in the con-
crete was expressed as a salt content by converting it to NaCI. 
Figure 3 shows the salt content of each sample. The salt content near the surface of the upper 
concrete was highest， at approximately 0.6%， which corresponds. to the fact that salt intrusion is 
generally highest in the splash zone. 
The salt content near the surfaces of the foot protection blocks was also high， being similar to 
that of the upper concrete. However， this is to be expected because of the leanness of the concrete 
mix. At a depth of approximately 8 cm from the surface， however， the salt content fel to 0.1%， 
suggesting that the volcanic ash used in the mixing， which was responsible for the low water 
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absorption coefficient， had resulted in a great improvement in watertightness 
The concrete of the caisson itself yielded the lowest salt content. As the cover for the reinforc 
ing bars was very thick， at 175 mm， corrosion of the bars was minimal， the salt content at this 
depth being 0.1 % and the chloride content 1.4 kg/m3 of COncrete 
The salt contents at various depths below sea level were then examined using the crushed block 
samples from the caisson. Figure 4 shows the results. Although the surface salt COntent was 
approximately the same for al depths， the internal salt COntent appeared to be affected by the sea 
water pressure， yielding a value of about 0.2%， as opposed to the value of 0.1 % shown in Figure 
3 
Although it is known that sea sand was 
u5ed in the mixing of this concrete， its con. 
tribution to the salt content is assumed as 
being 0.09 %.. hence the effect due to the 
infiltration of sea water appears to be app 
roximately 0.1 %. 
Additionally， samples of reinforcing ba-
rs with 75 mm cover were taken at -6. 
Om from the datum plane， however， these 
showed litle sign of corrosion despite the 
0.2% salt content 
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Fig. 4 Salt content in the crushed blocks 01 concrete 
Irom the caisson 
Tables 7 and 8 shows the average depths of neutralization measured by a phenolphtalein solu-
tion. The average depth of neutralization in the foot protection blocks exceeded 30 mm， while 
there was no evidence of neutralization in the caisson and upper COncrete at all. 
Therefore， the pH values in the Concrete were measured. As shown in Figure 5， the pH value re-




R.C. c丘エsson 0.0 
Concrete b10ck 30.8 
Upper concrete 0.0 
Table 8 Neutralization depths in caisson 
Concrete Neutra1ization depth (mm) 
of caisson Max. ト1in. Mean. 
Depth -1.5m 7 3 4 
under -3.0m O O O 
datum -4.5m 4 2 2 
p1anel -6.0m 3 3 3 
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mained low for a considerable depth into the foot protection block concrete， and the neutralization 
inside the concrete was considerable. In the caisson and upper concrete， on the other hand， there 
were no signs of neutralization. This lack of neutralization leads to the conclusion that the depth 
of the sea water has Iitle influence on neutralization， however， was observed that neutralization 
had actually progressed a Iitle more near sea level than in other places. This observation was 
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Fig. 6. The pH value in the crushed blocks 01 concrete 
from the caisson 
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10. Conclusions 
As a result of the study performed on samples of 60-year old concrete from the northern 
breakwater of Muroran Port， the following conclusions were reached 
(1) The concrete of the breakwater appears to have retained its strength， considering the tensile 
strength of the mortar briquettes made during construction. 
(2) The water/cement ratios obtained by mix estimation were dubiously high when compared to' 
the value used at Oraru Port (2). 
(3) Neutralization of the concrete had scarcεly occurred except in the lean-mixed foot protection 
blocks. The results of porosity measurements indicat巳thatthe volcanic ash used during the mixed 
improved the watertightness of the concrete by pozzolanic reaction， and seems to be useful in con-
trolling the deterioration of concrete 
(4) The salt content near the surface of the concrete was very high. However， itreduced to a 
constant value of about 0.1 % at a depth of approximately 8 cm. Even at the base of the caisson， 
which was subject to the pressure of sea water， the salt content decreased to a constant level of 
approximately 0.2%. 
(5) Although sea sand was used in the mixing of the concrete， there was no evidence of severe 
corrosion of the reinforcing bars. In concrete with adequate cover and no cracks， large scal corro. 
sion does not seem to occur 
In summation， itcan be stated that even after 60 years of exposure to a marine environment the 
northern breakwater of Muroran Port had maintained its structural soundness. 
11. Acknowledgments 
This paper is based on the presentation made by the first author and M. Matsuya， a Civil En 
gineering student at the Muroran Institute of Technology， at the Hokkaido Chapter of the Japan 
Society of Civil Engineers held at Tomakomai in February 1986. The authors would like to ex-
press their appreciation to M. Matuya who did the experimental work for his undergraduate re 
search， to the Division of Muroran Development and Construction and the Construction Office for 
Muroran Port of the Hokkaido Development Bureau for the offer of the valuable concrete test 




1 ) Nakamura， R.， .‘Transition History of the Port of Hokkaido，" 1960. 
2 ) Fujii， K.，“Concrete Blocks with Asano Cement， for the breakwater of Otaru Port for 34 years，" The 




白1the Mirrimum Wei出t除SI伊 ofTruss S凶 C町田 wi出町screteP加 Thickness
Hiroyuki SUGIMOTO 
Abstract 
Minimum weight design of truss structures with discrete plate thickness is studied. Constraints are re-
ferred to Standard Specifications for Highway Bridges of ]apan Road Association. Whole optimization proce-
dure is divided into two parts. One is structural level optimization， where the sectional areas and the co 
ordinates of the nodal points are design variables. Another one is sectional level optimization of each mem-
ber. This sectional level optimization is formulated as the maximum load design. This formulation makes it 
very easy to treat the plate thickness as discrete values. The procedures to get the solution of sectional level 
optimization of three kinds of sectional shape are presented for both continuous and discrete variables. They 
are square box section， H-shape section and stiffened square box section. As numerical example， 31 









































目的関数 ， W=Elρ ・'i(Izl )'A，( Isl )→ mtn (1) 
制約条件式;
・応力度に関する制約条件式




t，?;max(b/K， 0，8) (cm) ; i=で 1~η (3) 
-たわみに関する制約条何式
g(-;=δ一σa三O (4) 
設計変数 Isl =[ Isl 1司 1s 1 2'¥Isl J司 Izl
ここで. W;構造物の総重量， ρ，単位体積柔量. 1，; i音1;材の音1;材長.lzl ;格点座標に関する
設計変数ベクトル. Aj;i部材の断面積. 1 s 1 j; i部材の断面寸法に関する設計変数ベクトル n
部材数. gJ;応力度に関する制約条件式. Pj; i部材の軸力.σal・1部材の許容応力度， tj; 1部材
の板厚， bl;i部材の板幅. K;両端の拘束条件および鋼種により定められる定数， go;たわみに













目的関数 W=?lfJ・1，(Izl )'11;→ mm (5) 
制約条件式;
・応力度に関する市IJ約条件式




正Jr7=δ-o fiE三0 (7) 
yしさj.d'Jミ米I.r J ，1 l.
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表 1 各制種における k;の伯
なお以下において tOを連続変数として得られた最適板
厚(実際には，局部雌屈の影響を考慮する必要のない最小
板厚)とすると はtlより小さく tOに最も近い mm単
位の離散値であり，「は t()より大きく tOに最も近いmm単位の離散値で、ある。





図 2の正}j形箱形断面の場合は，式(9)により設計変数は tのみとなる。この時， σca (許容
軸方向圧縮応力度)と tの関係は図 3のようになり.SPの最適値tOは次式となる。
い)2.56壬A壬2.56(1十k1); 
















tO ¥!A!2vl千.kj (cm) (13) 
板厚が離散変数の場合の SPの解は，凶 3より明らかにあるいは「でちうる。両者に対応
する bおよび σcaをそれぞれ計算し， σcaの大きい方に対応する断面寸法が解となる。




よびt"およびαの3っとする O αはフランジ断面積と部材断面積の比で次式である O





tu=附似(析j工訂雨戸j' 0.8) (川) (1日
t， = max( ( -tw十¥/ttU2十4k2αA)/4k2， 0.8) (正m) (16) 
のようにそれぞれ板厚を表すと， αのみがSPの変数となり，黄金分割法等の 1次元最適化手法
11 b 日 tw















種々の tfとんの値の組合せに対して， σcaの最大値を計算し， f7Caの等高線を描くと一般的に


















tO = 0.8 (cm) (17) 
(i) 2.56(1+Nsk3 )<A' 








この問題に関しては，長谷川等自)の研究もあるが，本論文では， 4 種類のj，li~{lt Ns = 2 - 5 






た。その結果， SM50以上のを1~種の Ns = 2'， L ニ 13~~15m ，




Ns = 2の結果のみを示してのが凶 7である。 Ns= 3以上で、はわずかに 2ケースだったので，
σcaの最大値
・はo~ 1 %， 。は 1~ 2 %， .は 2%以 k












凶 lOa (連続変数1，[，;<J -lOb (離散変数)に示した。
その僚の大きい方の設計を SPの解とすることができる。
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t，と t¥(1 (二， j するヴ 1.;\ カサI~)くにならなL、しと¥
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部材SS41の正方形箱形断面であり，設言十(b)では， (a)の結果を参考にして，設計変数1，2， 4， 

























阪調ber kind sha開 kind 
SS41 so SI!50 
2 SS41 so SI!50 
3 お41 so お41
4 5541 so 訓50
5 SS41 so SI!50 
6 お41 so 5541 
7 岱41 so SS41 
8 お41 so SI!50 
9 お41 so SI!50 
(b) ( c) (d) 
shape kind sha開 kind sha開
so S略。 so S略目 so 
so 羽5目 ss SI!50 ss 
so 5541 so お41 so 
so S回目 so SI!50 so 
so S冊目 so SI!50 so 
so SS41 so お41 so 
so お41 so SS41 H 
so SI!50 so SI!50 so 
so SI!50 ss SI!50 ss 
SO: sq岨 re加xsection 
S S : stiffen剖 squarebo定 secti叩
H: H-shape s配 tion
杉本博之
iNいAÝ~ýV帆《/dl
loading condition 1 
loading condition 2 
P=100t(980kN) lp -loading condi tion3 
図-11 31;';¥，材連続トラス
表-3 最小豆最設計の結果
design (a) (b) (c) (d) 
ty問 cont disc. cont disc. cont disc cont. disc. 
V (m') 5.4117 5.4239 4.5034 4.5お34.4図。 4.4鎖謁 4.4977 4.5393 
A (c-l) 174.50 177.83 14日17 152.45 I岨 46 1臼 21 147.17 150.76 
1 1 ~ ~~:l 391.212 0 守器 nii そ1 ぉ.7i マ-E守i






A (<J.~ 191.34 179.11 136.82 133.32 135.02 I 13目.06I 142.26 
凶 ?O1h9 0 51~~~:~ 431 目日8 1 泊1.6101 30.日9 守:自 338. 姐~i 3Ufi i 31:fiI321 • 
A (c由。 103.44 98.82 1日日日5109.60 l日ι84 103.12! 12伺 18訂
6~~~~:叫) 3i局 31・11 3i霊 Tii 3iif 3iii 司自 3i器
A (c.l) 144.81 142.72 143.05 142.24 142.58 141.58 147部 148.62 
7 I包! 11i 司-器 訂-a31・器 1詰|司 ii 41器
~ ~~:~ 官邸 2i詰
A (c.l) 180.旬 178.29 1お邸 lお.05 l泊。51 132.27 135.24 136.39 
8 I包!吐露 391.41自2 3302岨6 守器 育器 321.807 日 唱話 お il
A (c-l) 211.42 214.46 179.25 183.29 172.42 173.21 172.02 171.94 
91 包i 451.n 14 41:ii 現 51 守:器 背:ii 4i:認 430.916 0 
~~ ~:~ i-il i:ii i:ii i:ii 
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On the Application of Expert System to Civil Engineering 
Noriyuki SUGATA and Shinobu OZAKI 
Abstract 
Expert system is generally defined as the intellectual computer program that can solve the complex problems 
like a human expert. To solve the problem the system uses the knowledge obtained from the several experi 
enced experts. To get the knowledge is one of the most important problem to create the expert system 
The system is generally developed by LISP， PROLOG or an expert shell such as the production system lan-
guage OPS5. It has come into wide use rapidly in al engineering problems， mechanical engineering， civil en-
gineering， and so on 
This paper explains the OPS5 and a computer program to choose the best foundation type as a bridge 
substructure 















エキスパート・システムに使用される言語には， リスト処理型言語 LISP，論理型言語 PRO-
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モデル化のための研究6) 岩盤力学へ応用した研究7) RC床版の耐用性評価のための研究8) 鉄


























































































































































定数と変数に前置される述語には=(等ししミ)， <二>(同じ型)， <> (等しくない)， < (ー





















I (wm> (condition element) I 
2.4.3 RHS 
プロダクションの動作部には make，modify， remove， write， bind， cbind， build， call， halt等の動
作と，その引数を表すものとして要素指示子，定数，変数，関数がある。














(compute ( <a> * <b)) -4 *句>/ / <d>十1)
ii) crlf 
crlf writeのときに使われる関数で，改行を行う O




makeはワーキング・メモリーに新しい要素を加える O 引数には 1つのクラス名といくつか
の属性名と値の対をとる。
(make class ^al v 1 ^a2 v2…) 
i ) modify 
modifyはワーキング・メモリー要素の属性値を変更する O 引数には要素指示子とその要素
に含まれる属性名と変更する値の対をとる O
(modify ed ^al v 1 ^a2 v2…) 
日i)remove 
removeはワーキング・メモリーから要素を削除する。引数には要素指示子をとる O




(write (crlf) <van 1 This is a test of wr山 1)
v) bind 
bindは変数に値を代入する。引数には変数と値をとる O 値には accept.compute等の関数も
f吏用できる O







(cal external vl v2…) 
2.4.4 ST ARTUP丈
STARTUP文は，プログラムが実行されるときに，最初に一度だけ無条件に実行される。プロ
グラムを実行するための初期設定をするのが目的で make，watch， run等がある o makeはRHS
のmakeと同じでワーキング・メモリーに要素を加え， watchは実行中のワーキング・メモリー



































































{ (構造 Aは<<中鋸り オー プン
A検討 <val> 地下水流速 ni 1) 





(compute <val> + 1)) 
A検討 <va 11> 地下水、流速








































直 打込み 中 場所打ち 深 ケーソン
R P 掘 1) J、《 ア オ ニマ
f妾 鋼 }¥ ノ 礎 ユチ
C C り ト ス プ !ッ
ス ン ク
支持 完全支持 O O O O O O O 。O O O 
持層 不完全支持 O O O A A O O O O A O 
法の 摩擦支持 × O 。O × O 。ム × × × 
I也 -状 傾斜 (30υ以ヒ) O A A O O ム O A O A O 
支態 凹凸大 O ム ム O A O O 。O A A 
粘性土 Nl直 ~4 O O O O O O 。O O O O 
4~ 1O O A O O O O O 。O O O 
盤 中 1O~20 O × A O O O 。O O O O 
問 砂 Nl直 ~15 。O O O O O O O O O 
層 15~30 O A O O O O O 。。O O 
の 30~ O × × ム O O O ム O ム O 
状 日業 層 1琵厚(cm)~ 10 O A A A O O O ム O O O 
条 態 1O~30 O × × A A × A × O O O 
30~ O × × × × × A × ム ム O 
液状化す る × A O 。O O O O O O O 
地 地下水位 )-jング下両以上 ム O O O O O O 。× O 。
件 )-jJゲ、下函以下
下 かつ杭先端以上 O O O O O O O O A O O 
地下水の流速 3m/min~ × 。O O A × × × × ム O 
水 被圧地下水地表より O~2m ム O O O A ム A A × A O 
2m~ × O O O × × × × × × A 
施 施工深度(m) 。~5 O O ム ム A × × × A A × 
5~ 1O ム O O A O A ム A 。O O 
工 1O~20 × A O O 。O O O O O O 
20~30 × A A O ム O O A ム O A 
条 30~60 × × × O × O A × × A × 
作業空間が狭い O A A A A O A A O A A 
件 水上施工 水深(m) ~5 O O O O A O × × × O O 
5~ × A ム A ム ム × × × O O 
上よ 荷重 (t) ~200 O O O O O A A A A A A 
部る 200~500 O O O O O 。O O O A A 
構条 500~1500 O A A A A O 。O 。A A 
lこ件 1500~ O × × A × A ム A ム 。O 
環件 有害ガスが発生する A O O O O O O O × O × 
境 騒音・振動の規制がある O × × × O O O O O O O 
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A Study on the Treatment of Fishery Processing Wastewater 
Hitoshi HOZUMI and Koji W ATABE 
Abstract 
The clarification of fishery processing wastewater having a high concentration of dissolved as well as undis 
solved organic impurities by chemical coagulation and the activated sludge process were studied. 
Firstly， the experimints on chemical coagulation were carried out by means of jar tests using both ferric 
chloride and aluminum sulfate as coagulants. The effects of organic content in terms of COD and BOD， coagu 
lant dosage and pH on the removal of COD and BOD were presented and the mechanism of chemical coagula 
tion of the wastewater was discussed. In addition， critical size of organic impurities to be possible of removal 
-5 
was estimated to be around 1 0 ~ cm， from the measured particle-size 'distributions of the tested and clarified 
waters 
Secondly， the experiments on the activated sludge process employing batch tests were conducted using the 
sludge acclimated to the wastewaters being tested which were pretreated with chemical coagulation. The re-
movability and the reduction rate of organic impurities were examined and the effects of organic loading and 
temperature on the rate constant of the reduction during a brief aeration period of 30 -60 min were investi‘ 
gated and formulated. From another experiments under condition of non-aeration it was found that biosorption 




























































<実験一 1> 実験は， COD負荷を 0.10-0.95Kg/MLSS' Kg，また， BOD負荷を0.04-

























xl02 xl02 468 
填化第二鋲注入率(p四)
2 O 8 4 6 
塩化軍二銭注入車(p四)
2 O 



















































x103 4 2 3 
原水B0 O(p問)
O ><103 8 4 6 
Ili水C00(，聞)
2 O 







図中の破線は最適注入率にこれを原水の CODとBODに対してプロットしたものである O また，













P H : 5.0 PH・5.0
























入率と適正 pHとの関係を原水 COD7250 ppmの場合を例にとって示したものである。低凝集剤






























% 2ト 層水COD 2990ppm 
















'4.0 5.0 60 7.0 8.0 9.0 
図-9 系のpHと処理水CODの関係(凝集剤FeCb)
? ??
表一 1 塩化第 2鉄による凝集の適正 pHと最適 pH
原(水ppm濃)度 凝集(p剤pm注)入率 適正pH 最適pH
100 4.9-5.8 5.0 
2 9 9 0 
200 4.9-6.4 5.0 
100 4.9-6.1 5.0 
6 1 8 0 300 4.9-7.1 5.0 
400 5.0-7.6 6.0 
400 4.8-6.5 5.0 J 
7 2 5 0 
600 5.0-7.2 5.0 


























態及びその存在割合は凝集剤添加量，系の pH等によって異なる o Matijevicらは12)はれ(OH)2+ 
.Fe2(OH)f，FEz (OH)了の水酸化重合物の存在を想定し，種々の pHにおけるこれらの水酸化
重合物の存在割合を求め， pH 4.5では FE2(OH)f，FE3(OH):+といった溶解性重合物は存在し
ないことを示している。 Singleyらは13)，14)pH 4.8以上では第2鉄は全て不溶性の重合物となる
ことを示し.Stummらも15)弱酸性域では重合化が進んで、不溶性の第2鉄の重合物粒子が形成さ
れることを示している O 凶-12は種々の濃度の塩化第2鉄溶液に対して 0.5N-NaOHの溶液を用




とを示している O 観察によると 滴定曲線の立ち上り点附近で水酸化重合物粒子の急激な生成が
みられた。これらのことから， pH 4.5以上で、は第2鉄の水酸化重合物は大部分が不溶性のもの



















値は等電点を境として pHの増減とともに大きくなってゆく O 久慈ら11)によれば，蛋白質粒子の
界面動電位の変化は特に等電点近傍においていちじるしく， pHの等電点からのわずかな変化に
よってその界面動電位の絶対値は急激に大きくなる。したがって 等電点以下では蛋白質粒子は












に対して凝集剤を 1000ppm以上注入した場合の，適正 pHの下限の高 pH側への移行を説明し
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I 0 30分静置暗躍
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5 P H 5. 5 
COD 1590Qppm 
・ー←且 . 























2cJx102 O 15 20 x102 
図-16 Al，SO，とFeCbの凝集効果の比較 図-17 Al2S04とFeChの凝集効果の比較
ほほ一定の高除去率を示している。硫酸アルミニウム注入率を増してゆくと， 30分静置沈|年後の
除去率は24時間静置後の除去率に近ずいてゆく。硫酸アルミニウム注入率 1500~2000 ppmでは
その差は図-3， 4 で 5~1O%程度となる。(図一 15では30%程度の差がある 0)
図 16， 17は概略同一濃度の原水に対して，それぞれの最適 pHにおける硫酸アルミニウムと
塩化第2鉄の凝集効果を30分静置沈降後の結果を用いて比較したものである。凝集剤として塩化








れる15)。また， pH 4.5附近から不溶性の水酸化重合物が形成され， pH 5.0では不溶性のアルミ
ニウム重合物の存在割合は20%程度で， pH 5.5ではその存在割合は90%程度であるとされてい
る18)。したがって，本実験の pH5.5ではアルミニウムの水酸化重合物のほとんどが不溶性となっ






注入量は 500~ 1000 ppm程度で，結合力を補強してフロックを大理化するいわゆるのり作用を


































































4.5 5.0 55 60 65百:07.5 
図-19 系のpHと処理水CODの関係(凝集剤A12S04)
図ー 20 系のpHと処理水CODの関係(凝集剤A12S04)
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全COD463 ppmのうち390ppmすなわち84%が0.1μ以下の粒子で， 7 %が1.0μ以上の粒子で
ある。また，図 23の場合では，原水の全COD成分のうち， 0.1μ以下の粒子の示すCODは690

















































































lここで， C; COD， t;エアレーション時間， Kc;反J，r;、tー(1/min) 町内合の反問
数 は図中に示すようで， COD負荷の増大に





kt=日・ (1IL，)十b (2) 
ここで， Lc; COD負荷 (COD/MLSSKg)，a;定数















K t =0.024 • 
A 
1000 10 20 30 40 50 
エアレーション時間(分)
100b 10 20 30 40 50 
エアレ シヨン時間〈分)








性の聞にほぼ d 定の関係があるので， COD負荷
の増大に伴なう除去活性の変化傾向は変らないも
のと考えられる O







. 1.501.，0 (L=u.16) 





ると図中に示すようである。空気量 0.5e /min 
及びl.5e /minの場合の反応速度定数と同ーの COD負荷における空気量l.Oe/minの場合の反
応速度定数を図-30から求めて比較すると，空気量l.0e /minの場合の速度定数が最も大きく，












molを式一(3)に代入し，さらに， Tj二 293'Cj，T1T2=Tj (Tj十ムT)キT2jで、近似すると，除去活
性に及ぼす温度の影響を表すものとして式一(4)が得られる。
log(K，. o/Kc20'C) = O. 028(θ-20) (4) 















M S “ 。
(5) 
ここで M，X;それぞれ活性汚泥量と初期の COD成分量， So; MLSS 濃度， Co' Ce ;それぞれ
COD成分の初期濃度と平衡濃度， n，ka，定数。図 39はその結果を両対数グラフに示したもので，
8X702 
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ここで， r a二 ((0-Ce)/Co;生物吸着による除去
率，凶-39から定数人を求めて各 MLSSにお
ける除去率九を求めると， So = 2400 ppmで


















それに伴なって大きくなる O この場合， S。の
増大に伴なう有機物の摂取量の増分と溶出量の
231 
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Three-Dimensional U ndrained Stress-Strain 
Relationship for Sand with Anisotropic Fabric 
Seiichi MrURA 
Abstract 
A three-dimensional undrained stress-strain relationship for loose sand having the anisotropic fabric is 
derived on the basis of the non-associated flow rule. Yield function， plastic potential function and hardening 
function which are required to frame the theory for sand are formulated through the experimental study on the 
relationship between plastic strain increment ratio and stress ratio and the plastic strain work during shear 
under three different principal stresses. The present model is based on the idea that in the undrained shear 
condition the parameter A which prescribes the hardening functio日 varieslinearly with the change of effective 
mean principal stress. Parameters included in the proposed elastoplastic work hardening model can be deter. 
mined easily from the conventional triaxial compression and extε日siontests and the oedometer test 
Comparisons of the predicted and measured three-dimensional stress.strain relationships showed that the 
proposed theory is capable of simulating the anisotropic llndrained mechanical behavior obtained from a series 








学を議論することは許されず， 昨支r.r;，力条件下にある異方性砂の応力 ひずみ ダイレイタン
シー関係式を確立することが急務である O
筆者らは既に，弾塑性理論に基づいて，初期に異方構造を有しかっ一般応力条件下にある粒状
































pニ;fh+σv+σ) (1) o"x 
図-1 砂の二軸l直交奥方性体モデル
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(σvσ/+(σzσ/1 + (2) 
また，有効平均主応力p'は間隙水圧を U で表わすと，次式の通りである O
P = p-u (3) 
ひずみ増分についても同様に，体積ひずみ増分，せん断ひずみ増分をそれぞれ次のように定義す
るO
d E ，=dεx +d E y+d E z 
両内【
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れるように原点からの放射状[直線 (θ 定 orb=--定)となる応力経路に沿ってせん断応力 q
が単調増加する場合について考えている O
以下に述べる基本仮定の誘導及ぴ得られた関係式の検証には， Yamada & Ishiharaが報告別し
ている，異方的な初期構造を布する富士川砂(水中落下法で立方形の供試体を作製，相対密度





d E lJ= d E eり十 dE l' l} (i， j= 1 ， 2， 3) (8) 
さらに，各ひずみ増分がそれぞれ圧密成分 (p'の変化のみに起因する)，せん断成分 (qの変化
のみに起因する)とに分けられるとすれば，式(8)は次のようになる O
d E l) = (dεtJ+ftiEV+fiiE4J人+(d E T (9) 
ただしサフィックス C，Sはそれぞれ任密成分，せん断成分を表わす。
さて， ~f:排水条件の場合，等体積条件 (dE ， =O) を導入することにより非排水応力 ひずみ
関係を予測できるはずである。たとえば凶-5において a点(マニヲ;lから任意応力点 b(r; 
=ワ i+l)へ移動した場介，せん断}，~;力の変化ムq によりは E 有効平均主応力の変化d.p'に
より (dEり)が生じる。そこで，(d Eり)、十 (dεり)，= 0を満足するようにd.p'を変化させれば，非
























分を分離することによって， I玉密に伴う弾性体積ひずみ増分(dE 1')，期性体積ひずみ噌分(dE /) 
はそれぞれ次式のように表現される O
p'什 ，p' . dp' 
(d E ，:J=k n(←ー-)'(一一一j一一一




(d E ，') = k(l-n)(---:-}' 
Pk P 
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シャル面と塑性ひずみ増分ベクトルとの直交則(de ，/d y = -dq/dp')から塑性ポテンシャル関数
を誘導した。





J，'J?-9J， ~ 6m2_ 2 m3cos 3() 1 
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(16) 
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(21) 
また各二次元応力系に対する硬化関数は，次式となる7)。
hzx=hzv=hc (=Ac(川Bι) (2a) 
hfhxzニ hr:(=AiWlつ
??
hxv=h山 =hιfニ(hc'hJ2) (2c) 
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Yamada & Ishihara 6)β)の富士川砂 (F-sand)に対する土質パラメータは表-1のように決定でき，
これらの値は排水条件下のそれと全く同一である。なお，表 1中のパラメータwfはせん断開始時
までの等方圧密 (p'=Pc=98kPa)によってなされる塑性ひずみ仕事量を表わしている。
図-8(a)-(m)は， Yamada & Ishiharaが得た!ι力比一主ひずみ関係の実測値8)と本提案式による予測
値とを比較している。まず，図-8(a)の8=0。と図-8(i)の8=1200の挙動を比較すると，両者は同
ーの応力条件でせん断されているにもかかわらず，。ニ 00のんと Evは一致しているものの，。ニ1200
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いてθ=1200，1回。， 1800のケースでひずみ制御式と応 図ー 13 最大間隙水圧発生時のせん断ひずみと 0
力制御式の両方法のp一定試験(Pc= 196kPa， D，町=53%) (orb)の関係の実測値と予測値の比較
を行なってみた。ただし，ひずみ制御試験のひずみ速
度仁は応力の制御の精度確保のため従来の値2)の1/10(0.025%/min)に設定した。これらの結果の
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SYNTHESIS OF WAVE POWER UTILIZATION STUDY 1976-1986 
A T MURORAN INSTITUTE OF TECHNOLOGY 
Hideo KONDO， Kenji YANO， Tomiji WATABE 
Kyokai OKUDA， Toshihiko MATSUDA and Yasuhiko DOTE 
Abstract 
A series of study on wave power utilization conducted during the period of 1976一1986by the group of 
staffs of the institute is summarized. Three kinds of power extractor belongin耳 tothe so-called coastal fixed 
type were invented and studied in laboratory. Among them the water turbine and the pendulor systems were 
subsequently studied at the field test plant constructed at Port Muroran守 whichshows the latter has an excel-
lent power conversion efficiency. An approach for predicting the power extracted by the fixed type extractors 
has been proposed employing analyses of wave spectral transformation and of three dimensional kinematics of 
extractors. Simulations for maximizing the power charged into lead battery and for the optimal load condition 
of power generation have been performed. A case study on practical application of the wave power utilization 
has been done for Yagishiri Island. one ()f remote islands far from main lands which are the most prospective 





























































































不規則な水波の単位峰幅当りの平均パワーW (kW/m)は次のように推定される O 不規則波を
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表 1 各積スベクトルの単位峰幅当りの平均パワー W(近藤， 1985) 
スベクトノレの名称 A B T W( kw/m) 
Pierson -Moskowitz 0.59 H ，2/T2 ~IP T π T2 4π1/H2 ~ 
1 SSC (国際船体倦造会議) 0.111 H 2T，-4 3/31 0.44 T;4 1 0.545 H，2. T， 1古
Bretschneider一光易 0.257H2 T L古 1 1.03 T，昔4 0441 H f T1 /3 1'3 
JONSWAP 0.072 H 2 T~4 -5T -4 3、3 0458Hf 『141 4 ノ3 1'3 
註 :T1=ffS (f)df/fffS(f)df，h=/ffs(f)df/fff28(f)df 
周波数と進行方向が異なる無数の波の重ね合せとして表現すると，特定の周波数帯(f， f十dθ)
と波向帝 (θ，θ+dθ)の平均パワー dWは，その帯域の単位面積当りの全エネルギ-cwoS U， 
0) . df . d 0に群速度Cgを乗じたものである。ここで，wo(=pg)は水の単位容積重量でS(f， 
o )は方向スペクトルである。これからは W は下式のように表現できる O




S (0二Af-5lexp (-BC4) I y ('xp l一三--".-一」 (2) 
ここでA，Bおよび、yは係数でそれらは提案されたスベクトルの種類によって異なり表 1のよ
うな値をとる。また fpは S (f)を最大とする周波数で， σは通常下の値をとる。
σニ 0.07，f三fp，および 0.09， f>fp (3) 
水深 hが波長Lの1/2よりも大きい深水波の場合の群速度はCg，o=g/4πfで与えられる。近藤1)
.4 )は深水波の百を計算し表 1の結果を得た。ただし，wo=1025 (kgf/m3) =10.1 (kN/m3) と
している O また同表中の H1/3とT1/3は，それぞれ有義波の波高と周期である O
浅水域にj皮が進んで、くると，深水での方向スベクトルSo(f， ())は屈折や浅水変形をして変
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百=wじ(f， h)・臼 (f， h) df 

























































to Hydraulic Circuit 


















室内実験は二種類の規則波二次元造波水路 (O.4Xl.OX 18.5mおよび0.6X l. 0 X 24m)を用い
て渡部らlOl，161.17)，18)が行なった。図←5はhニ 0.5m(同一4中に示しであるケーソンの水深)
の実験結果の一部で，油圧シリンダーへの入力についての変換効率は平均70，最大82%が得られ
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A/D. D/A Convertor and Mlcrocomputer System 













data flow mach1ne 
図 13 最適負荷制御システム(土手， 1985) 
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i ヰγ| 室蘭工大関係 | 国内，国外関係
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写真 1 実験プラント述景
写真 2 設定的のケーソンと波力水車





Study on Dispersion of a Conservative Solute in Stratified Confined Aquifer 
Satoshi TOHMA 
Abstract 
The dispersive transport of a conservative solute in the two dimensional stratified confined aquifer is 
analyzed by applying the integral moment method. In this analysis， itis assumed that the aquifer is of con 
stant thickness and of infinite lateral extent， the permeability is a known function of the vertical coordinate， 
and the flow is unidirectional， parallel to the stratification 
Analytical solutions are obtained for the time derivative of the second moment of the tracer concentration 
distribution for the cosine permeability profile. The results of the analysis are applied to measured per 
meability profiles， and predicted values of the macroscopic-dispersion coefficients are compared with ex 
perimental results. An important conclusion from the analysis is that ηan-Fickiαn behavior occurs early in 
the process， macroscopic-dispersion coefficients have been demonstrated to depend in a complex manner on 
heterogeneities of the permeability. The mean transport process can not bεrepresented by conventional con 
vection-diffusion equation. For large time， the dispersion process becomes Fickiαn transport， macroscoplC 
dispersion coefficients approah continuously to a asymptotic value. Macroscopic-dispersion coefficients mea 
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Fig. Schematic diagram of a stratified aquifer with Fig. 2 Behavior of a conservative solute injected into 





ac を ac を a2c a ~ ac 
-一一= αV本一二一十D1*一一--:;-+一一一(Dっ本 ) 








dx. z， t=O)=mδ(x)1ρ (5) 
ここに， δ(x)はDiracのデルタ関数を示し， δ(0)=1， δ(xチ0)ニ Oである O
放出された分散物質は質量保存則に従い，帝水層全域において次式を満足しなければならない。




DzF=0(z=o，h)，czO，主=0 (x→∞) (7) 
2-2. 断面平均濃度分布
成層帯水層においては断面流速分布はベ犠でなく，分散物質の平均移動距離は各断面で差異を















~ (r)=E[eil=]= S:'X/ycj( ~ )dc (8) 
ここに， rは任意の実数パラメータは虚数単位，E[・〕は期待値を表わす。この特性関数世 (r)
の対数をとると，次式で定義されるキュムラント母関数ゆ (r)を得る。
∞ ( ir/ 
い(r)=loM(r)Z117「Al (9) 
ここに， Alはj次のキュムラントであり，平均値回りの積率mnとの聞に次式が成立する。
A 1 =m1/mO= 0 . A2=mzlmo・A3=m/mO=j!σ 
? ??




mn=j二(ç~y)'川 )d ~ (n = 0， 1， 2， ..J ???
特性関数併 (r)は， (10)式を考慮して(9)式を変換すると次式で与えられる。
(rσ)2 ，r (ir)3， (ir)4 杓)=岬(一 ~2" )[ 1 +τ戸3+ゴ了A4+…] (12) 
上式を(8)式に代入したのち Fourier逆変換を行なうと，確率密度関数jU)は次式となる。
1 r∞ d庁 (ir)3_ (ir)4 
j( ~ ) =~n~J .exp( ~ir~ 一 )[1+一一-;-A3十一-A4十…]dr2πdー∞ 2 (13) 
ここで，上式の積分を簡単に行なうため，次式で定義される Hermite多項式Hnを導入する。
j二ゲ jzTi exp( ~irç 三)(ir )"dr=exp(一τ-τ)--;-:;:-;H. ( - )~ ~ σσσ (14) 
(14)式を(13)式に代入すると，最終的に確率密度関数j($)は次の無限級数の漸化式で与えられる。
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H1=(ご/σ)1-6(ミ/σ 十:5， H3=(ミ/σ):l← 3(主/げ)，
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J57水掃における流動が水、|叶Lの場合， [t祝的分散係数Klと物質分fの分散 (variance)σ と
の間には次のrUJ係が成、kするみ。







∞) ll r.~で積分を行なう(21ょにの九項l二cnを乗じ ∞， (17) :r¥:の 2次積率 mゾを求めるため，
と次式が'j会えられる υ
a θ日申 告 δ を aυ。
ヱヱnαv不θ 1十日(n-1 )f，不。 リ十 ( J.プ ヱ)
ar aマ ム とうマ
(181 
θ"は次式で定義される無次元濃度積率である。
?? ??θ ，， =f二 ~"Cd~ 111=0，1， 2，..) 
この無次元濃度積率I1はriJ.;主の子均伯同りのikHl)支積率 mJlとの[lJJに次の悶係が成-'，ー する。






:41L司 αF:内 ，-ldr;十山 (21) 
上式の誘導過程において， (l紛式の右辺第 3J頁は次の被圧境界条件により消去される O
世 afJ， 




riθ a ψ a fJ 1 
二 αa'COS(πη)+ -=-( D? '"-=:--'-) (23) a， I ar; ar; 
上式におけるD2*を求めるには，各層の微視的横方向分散係書士D2の値を必要とする O 本節では，
この分散係数が分散率 (dispersivity)と流速に規定される水理量であることを考慮し，
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ある O この帯水層の透水係数はトレーサ投入井から 4m離れた観測井の垂線上15点で算定されて
おり，平均値で無次元化した結果を Fig.3に示す。図中の黒丸印は測定値，実線は次式で与えら
れる透水係数分布近似値である O






Table 1. Stratified aquifer parameters measured by 
Pickens and Grisak 
1.0 . . Field data 
Parameter Value . _ Approximate . 
Field single well tracer tests: 
Aquifer thickness 8.2 m 
Kean grain size 0.12~0.21mm 







Laboratory column tracer tests: 
Column length 30.0cm 
Kean grain size 0.20mm 
Veloci ty 9.26 X 10司"~8.60 X 1Q-3cm/s 
Longitudinal dispersivity 0.035c冊














Fig. 3 MeaSl1red and simulated permeability profiles 
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Transient development of IJ 1/αfor thぞ



















市 t) 二二~r k(z)・c(x.v. z )dz 
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Fig. 6 Spatial concentration distribution of the stratified 
aquifer for se、'eraltimes 
1.0 
Radial dis tance=2m 
• Pickens results 
月一Gelharsolution 
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Table 2. Five-layered sand aquifer parameter values ~ Experimental value・
Layer Thickness Grain Size 
h:i (cm) d:i(剛)
1st 6.0 0.15~0.30 
2nd 6.0 0.30~0 .40 
3rd 
4th 6.0 I 0.60~0.71 

















D ， ~O.0010cm'/s 
10 15 20 25 
t (50C) ~'\O' 
Fig_ 8 Measured and simulated breakthrough curves at 
distances of 20cm. 35cm and 50cm 
Table 3. Microscopic dispersion coeficients and dispersivities 
Layer Velocity Dispersion Coefficient Dispersivity 
V(cm/s) 01 (cm2/s) Dz(cmz/s) ε1 (cm) 』εz(cm)
1st 0.005 0.0006 0.0001 0.13 0.02 
2nd 0.015 0.0030 0.0003 0.20 0.02 
3rd 0.038 0.0083 0.0008 0.22 0.02 
4th 0.054 0.0124 0.0016 0.23 0.03 




ら20，35， 50cmの位置にある観測井の第 1，3， 5の各層中央部の 3点で濃度測定を行ない，得
られた測定値の単純平均を断面平均濃度とした。この結果の一例を Fig.8に示しである O 図中の
黒丸印は測定値に基づく断面平均濃度分布であり，実線は(15)式による値である。理論値はピーク















ここに， I=jJ(t)I2dt，Vは浸透流速， c (t)は時刻 tにおける濃度測定値，1は2次積率を示し，























Macroscopic dispersion coefficients evaluated from breakthrough 







a~) I 0.0375 I 0.256 0.453 
K~曲3)
.子)......r.....ö.~.Ö.áf;O.....r........Ö.~4.45"........r........Ö.~.54.Ö.........r........5Lïj!).2".....
0.0714 a I 0.0453 I 0.384 0.701 
b I 0.0450 I 0.437 0.674 67.245 
0.0929 a I 0.0665 I 0.483 0.890 
b I 0.0580 I 0.716 0.870 I 89.367 
0.1286 a I 0.0843 I 0.536 0.998 
b I 0.0809 I 0.998 1.212 I 118.254 
0.1429 a I 0.1130 I 0.738 1.457 
b I 0.0894 I 1.104 1. 340 I 132.702 
1) a: Experimenta1， b:Ana1ytica1. 2) Resu1ts for K~A and K~B were 
obtained from samp1ing devices 10cated 35.0cm and 42.5cm. 
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Experimental Study on Improvement of Wear Resistance of Bituminous Paving 
mlxtures. 
Noboru NITTA and Shinichi ISOZAKI 
Abstract 
The development of wear resistant bituminous paving mixtures has been considered as one of the important 
problems in the field of bituminous pavement design in cold regions. In order to contribute to this problem， a 
series of laboratory tests used an accerelated wearing equipment were made on wearing resistance properties 
of bituminous mixtures: one is on the wearing process， another is on the effects of mixture components， includ. 
ing volume， size and gradation of coarse aggregate and types of binder 
The findings of this study are: (1 ) wearing process of paving mixtures by a studded tire is composed of 
repetition of three actions， scarifying of asphalt mortar， attrition of coarse aggregates， and stripping out of 
aggregates from asphalt mortar bed; (2) wear resistance has a linear relation with volume percentage of 
coarse aggregates， although 5 -2. 5mm size in coarse aggregates appears lo have adverse effects on the wear 
ing resistance; (3) main funclion of modified asphalt is to resist lhe stripping out of coarse aggregates and 
its degree of contribution depends on the toughness and tenacity of asphalt. Based on these findings， an opti 












































































1) 酷 812(1967) による




















































10mm， 10-5 mm， 5 -2.5mmなる単粒径の









を示している O また 2種類のアスフアルトモ
ルタルのうち摩耗抵抗の比較的大きいギャップ粒度の場合の平均摩耗深さ範囲の中央値


























































影響を見ると， 13-10mm， 10-5 mm粒径は配合比の増加によって平均摩耗深さを低下させる
作用を示しているのに対して， 5 -2.5mm粒径骨材はこれと逆の傾向を示し，このことが摩耗
抵抗の改善に対してマイナスの効果としてはたらいているものと考えられる O
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DEVELOPMENT OF THE RELATIONSHIPS BETWEEN SKID 
RESIST ANCE AND P A VEMENT SURF ACE TEXTURE 
Kazuo Saito * and J.J. Henry * * 
Abstract 
The Pennsylvania Transportation Institute at the Pennsylvania State University has conducted a comprehen. 
sive study on the developement of some empirical relationships between skid resistance and pavement surface 
texture. This paper describes a part of the findings of this study. The most conceptually satisfying model， the 
Penn State Model for skid resistance.speed behavior， was developed and has shown that the model coefficients. 
crorrelate well with texture parameters. Skid resistance at any speed can be predicted from one microtexture 
and one macrotexture by using this model 
Another attempt was made to develop the prediction model of skid number with ribbed and blank test tires 
from surface texture parameters and vice versa. Linear regression equations were used to relate each of the 
two tire test results to a measure of microtexture defined by British Pendulum Number (BPN) measurements， 
and to a measure of macrotexture defined by mean texture depth (MTD) determined from sand.patch tests. The 
concept of using both types of skid test data shows promise as a candidate indirect texture prameter measure-
ment method 
1. Introduction 
Adequate skid resistance of pavement surface is important for maintaining safe vehicle opera-
tion. A number of studies have shown that the wet-pavement accident rate is related to the skid re 
sistance of the pavement . A Kentucky study showed that a 25 percent reduction in the friction 
level could increase the proportion of wet-pavement accidents by more than 50 percentl)， and also 
showed that the existence of a threshold or minimum friction level2) (Fig. 1). If pavement friction 
falls below this value， the effect on accident would be felt， and there would be a sharp rise in acci 
dents with further friction reduction. It is， therefore， important to maintain skid resistance at 
levels sufficient to prevent high wet-pavement accident rate 
* Dr. Eng.， Professor of Civil Engineering， Muroran Institute of Technology， Muroran， 
Hokkaido， ]apan 050. 
* * Sc.D.， Professor of Mechanical Engineering and Director of The Pennsylvania Transporta-
tion Institute， The Pennsylvania State University， University Park， Pa. 16802 U.S.A. 
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Kazuo Saito and 1. 1. Henry 
The wet-pavement skid resistance of the primary high-
way systems of nearly al states in the United States is 
monitored in annual surveys by using test procedure spe-
cified by ASTM E 274 method of test3) This method is 
used to determine the skid resistance of wet-pavement 
with a ribbed test tire specified by ASTM E 5013) under 
。 。??
。
1¥ fully specified conditions. The measurement are usually 
performed at one speed only. typically at 64 km/h (40 
10 
mph). The E 501 test tire has seven smooth. longitudinal 
ribs separated by six grooves. which provide for drain 
o L 
age of water from the tire-pavement interface as the tire 
slides over the wet-pavement during the test. A trailer 
Five Point Moving Averages 
for Wet-Surface Accident 
Rate for Summer-Fall Period 
Versus Skid Number 
Fig・with test tire is towed at costant speed. wat巴ris supplied 
at constant rate through standard nozzle to the tire 
pavement interface. test tire is locked and friction force 
(Ff) and normal load (Fn) are measured. The skid number at test speed V (SNv) is then calculated as 
(1) SNv = 100F/Fn 
This method has been widely accepted because it is relatively straightforeward and has an ob 
vious connection with the problem it was designed to combat. i. e. the skidding of automobiles on 
slippery road. It does. however. have a number of drawbacks. among which are: (1) continuous 
measurement of skid resistance is not possible; (2) initial and operating costs of the test equipment 
are high; (3) tests are conducted only at one speed so that speed dependence of skid resistance can 
not be determined without repeated measurements on same section of road; and (4) skid resistance 
can not be measured on nontangent of roadway the desired test speed is higher than the attainable 
test vehicle speed. either because of risk of an accident or because of dynamic effects on the 
measurements 4) AII of these drawbacks require some alternative methods for determining th巴
skid resistance of the pavement surfaces 
It is now generally agreed that the skid resistance of a pavement is fundamentally controlled by 
the surface texture characteristics. Therefore. by measuring the relevant texture describing para 
meters. or by measuring a physical proc巴ssdependent on texture. regression techniques can be 
used to relate skid resistance to the chosen texture parameter or measured process. Two scales of 
texture are of particular importance: microtexture (small-scale asperities) and macrotexture (Iarge-
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scale asperities). Therefore， itis possible to develop an analytical procedure or model for deter 
mining the relation between skid resistance and pavement surface texture by using these two 
scales of texture， and thus for predicting skid resistance indirectly and inexpensively. 
The Pennsylvania Transportation Institute (PTI) at the Pennsylvania State University has recog-
nized these needs and has conducted a comprehensive study on the dev巴lopmentof some empirical 
relationships between skid resistance and pavement surface texture. This paper describes a sum 
mary of the findings 
2. Role of Pavement Texture in Skid Resistance 
The measurement of the texture of highway pavements is of interest to highway engineers be 
cause it has a direct influence on the level of tire-pavement interaction， particularly under wet 
conditions. Pavement texture also influences other safety aspects， such as splash and spray from 
wet-pavements， and glare and light condition. 
The skid resistance of a pavement is determined by its surface texture which can be divided 
3) into two scales， microtexture and microtexture， which are specified by ASTM E 867"1 as 
Texture， tavement-micro--the deviations of pavement surface from a true planner surface with the 
characteristic dimensions of wavelength and amplitude less than 0.5 mm 
Texture， tavement-macro--the deviations of pavement surface from a true planner surface with 
the characteristic dimensions of wavelength and amplitude from 0.5 mm up to those that no lon 
ger affect tire-pavement interaction 
Kummer and Meyer51 reported the combined effects of microtexture and macrotexture. Microtex-
ture， the fine scale surface texture of the pavement aggregate， determines the skid resistance at 
low speeds. Macrotexture， on the scale of the gradation of the aggregate， influences the wet skid 
resistance by determining the rate at which water can escape from the tire footprint， and therefore 
is responsible for the rate at which skid resistance decreases as speed increases. Thus， itshould 
be possible to predict the skid resistance.speed curve from suitable microtexture and macrotexture 
parameters. The first part of this paper refers to the development of a model for characterizing the 
skid resistance-speed behavior of pavements and to relate this model to suitable measures of paveー
ment surface texture 
In an attempt to better define the skid resistance values of pavements， researchers have begun 
to investigate comparisions of skid resistance data using the ASTM E 274 locked wheel of test 
with ribbed E 501 and blank E 52431 test tires. The E 501 test tire has seven smooth longitudinal 
ribs， separated by six grooves， which are sufficiently deep so that as the tire wears over its allow 
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able usefull life the test results 
this tire are insensitive to the 50 
~ー Site 19， 810nk Tire (E524) 
--0・-Site 19， Ribbed Tire (E 501) 
ーやー Site20， 810nk Tire (E524) 
ー~-Site 20， Ribbed Tire (E501) 
ーベトーSite21， 81ank Tire (E524) 
ー・争-Site 21， Ribbed Tire (E 501) 
ー吋〉ーSite16， 810nk Tire (E524) 
-0(>-ー Site16， Ribbed Tire (E501) 
are not significantly affected 
As a consequence， tests with 
rate of water application over a 
fairly wide range) (Fig. 2). Re 
cently， the use of the ribbed 
4 ?
test tire for evaluating wet 
pavement safety has been ques. 
tioned 7)8) Several states agen 
30 
SN 40 
cies， including Connecticut， 
Florida， IIIinois， have been in- 2 
vestigating the use of the blank 
tire， specified by ASTM E 524 
“Standard spεcification for 
10 
smooth-tread tire for specific 
purpose pavement skid resist 
ance tests'¥Results from these 
5 10 15 20 m3/hr 一一一一一一・一.....1.__~・ r一一一」 寸一一一yー マー ~~一一ー-，
3'0 75 100 C)l1l1min 
WATER FLOW RATE 
O 
O 
studies have shown that the rib 
bed tire skid skid resistance 
Fia. 2 Effects of Water Flow Rate on Skid Res istance 
Measurements (Penn State Nozzle) 
values provide a good evalua 
tion of microtexture， but is not sensitive to macrotexture， which is an important factor in wet-
pavement safety. The appear巴ntinsensitivity of the ribbed tire to macrotexture is felt to be a re 
sult of the deep， continuous grooves on the tire which， without the aid of the pavement macrotex 
ture， artificially provide water drainage from the fooprint area. On the other hand， tests with the 
blank E 524 test tire have produced skid resistance data which are sensitive to both microtexturε 
and macrotexture. 
The appearent sensitivities of the two types of tires suggest that the ribbed versus blank tire 
skid test comparision is a promising indirect method of measuring both microtexture and mac-
rotexture. Convesely， ifboth microtexture and macrotexture measurements are made， this concept 
gives promise as a canditate indirect method for predicting the level of skid resistance. 
The second part of this paper refers to the development of a prediction models which can be 
us巴dto estimate the skid-resistance level with both ribbed-and a blank-test tire from the actual 
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measurements of pavement surface texture parameters. An attempt is made also to develop the re-
lationship between pavement texture and skid resistance with both tires 
3. Development of a Model for Skid Number-Texture-Speed Relationship 
The objective of this part is to develop a model to predict the skid number at any speed， SNv， 
and appropriate skid number speεd gradient parameters. The development of this model will em 
ploy both conceptual mechanisms of the influence of texture on skid resistance and empirical tech 
niques such as regression analysis to establish coefficient values of the model . The model is con-
sistent， conceptually， with the known influences of texture on skid resistance， i.e.， the model must 
exhibit the same characteristics asthe experimental data， and has empirically determined coeffi-
cients. The need for both empirically and conceptually valid models is illustrated by the follwing 
discussion 
3 -1. Conceptual Model for the Skid Number-Speed Relationship 
Three forms of the skid number (SN) versus speed (V) relationships are considered here， leading 
to the selection of one based on its ability to fit experimental data and to relate to texture para-
meters. 
A second order relationship is most frequently used to fit SN data 
SN =a 十 a，V+a"V"。 l (2) 
In this model ao isrepresentativc of the low speed skid resistance and therefore would be expected 
to be related to some measures of microtexture. The skid number-speed gradient (SNG) for this 
model is: 
d(SN) 
SNGニ一一τ (a，十。，v)“V '~l~" (3) 
and the percent normalized skid number speed gradient (PNG) is: 
SNG 一 (a，十 2aゾ¥1) X 100 
P N G= --;:;-;-;-X 1 00二 一一ーム一一一二一
SN ao十日IV十 a2V三
(4) 
The results of other ivestigations have shown that SNG is a function of macrotexture alone91101. 
The above model (2) is in contradiction with this observation since expression (4) cotains a para 
meter ao which must be highly dependent on microtexture. Another deficiency of this model is that 
it Qften results in curve shapes that are concave downward (negative second derivative) or curves 
that indicate an increase of SN with speed at high speeds. 
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Majcherczyk1) developed a log.log model of the form 
SNv = b00b， -1) (5) 
The gradient and percent normalized gradient for this model are: 
SNG = -bob1 Vパb，-1) (6) 
- b. 
PNG = =一一-'-x100 
V 
(7) 
Majcherczyk found a correlation between b1 and macrotexture which is consistent with earlier that 
SNG at a given speed is a function of macrotexture alone. This model has a conceptual weakness 
m its prediction of the low speed skid number behavior. The shape of the resulting curve is so 
steep at low speeds that it predicts consistently high skid number at low speeds . The parameter 
bo therefor cannot be correlated with microtexture 
The most conceptually satisfying model was developed in this study12) The model has the form 
SNv = Co e C) V (8) 
with the gradient and percent normalized gradient given by 
SNG =一 Cr> C • eC] t o " 1 (9) 
PNG =一 100c 1 (1同









Integrating from zero to any speed. assuming the PNG is independent of speed 
jmyd(W)PNGZ 
=-jdv 
SNo SN 100 Jo 
(13) 
which yields the“Penn State Model" for skid resistance.speed behavior (Fig. 3): 
PNG 
SNv = SNo e-l而 v
?? ??
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where: SNo = the zero speed intercept 
PNG percent normalized skid 
number-speed gradient 
This model is consistent with the 
known skid number texture-gradient re-
lationships in that Co (the low-speed num-
ber， SNo) can be correlated with mic 
rotexture alone， and c) (which is prop 
ortional to PNG) can be correlated with 
macrotexture alone. It is interesting to 













Slope = -SNG (負idNumber Gradientl 
V俗間ed)
constant， independent of speed. This is Fig. 3 Model for Skid Resistance-Speed Behavior 
consistent with the observation that the 
PNG for experimental data does not vary 
significantly with speed 
A significant advantage of this model 
is that it separates the effects of mic-
rotexture and macrotexture. 
3 -2. Empirical Relation Between 
Model Coefficients and Texture 
The coefficients of the model were de 
rived empirically， i. e.， estimated 
through regression analysis from the 
data. In the analysis， separate regression 
relationships for microtexture and mac 
Regression Equal旧nSNo= 31.0 + L38( BPN) 


























rotexture were developed in the follow- 30 
SN日ニ k)十 k2(mt) 江町
PNGニ k](MT)k1 (16) 
20 
40 5(コ 60 70 80 90 100 
BRITISH PORTABLE NUMBER 
Fig. 4 Zero Speed-Intercept Skid Number (SNo) 
Versus British Pendulum Number (BPN) 
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'ー.47PNG = 4.10(MD) Regression Equolion 
Correlolion Coefficienl R =0.96 
。
pra mlcrotexture mt 
meter 
where 
































Model. this yields: 
SN"エ[た]十九 (mt)] e -k" V(MT)" 
(1的
The skid resistance data used 
in the analysis were obtained by 
the West Virginia Department of 
Highways on 20 test sections in 
West Virginia in 1976 























































50， and 60 mph). A least squres 
fit of data to the Penn State Model 
Percent Normalized Skid Number-Speed Gradient 
(PNG) Versus Mean Texture Depth (MTD) 
5 Fig 
was performed to provide values 
of SNo and PNG for each of the 
pavement. At the time skid resistance measurements were made， two core samples were taken from 
each sections. The British pendulum number (BPN) in accordance with ASTM E 30331 and sand-
patch mean texture depth (MTD) in accordance with ASTM E 96531 were obtained from the core 
samples. BPN is frequently used as a measure of microtexture prameter. BPN is， in fact， a direct 
measure of low-speed sliding friction. MTD is a measure of macrotexture 
To test the hypothesis that the zεro sp日edskid number intercept (SNo) can be predicted by mic-
rotexture data， SNo is plotted against BPN for the 20 test sites as shown in Fig. 4. A least squres 
regression analysis yields: 
(18) 
with acorrelation coefficient of 0.75. Other data obtained on six sites in Pennsylvania131， the re-
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gresslOn equatlOn was 
SNo = 1.32 BPN -35 (19) 
with a correlation of 0.95. 
To test the hypothesis that mac 
rotexture prameter can be used to pre 
dict the PNG， PNG is plotted against 
MTD data for the 20 test sections as 
shown in Fig. 5. The resulting rela-
tionship of the least squres regression 
analysis is 
PNG = 4.1 (MTD)-047 (20) 
with a correlation coefficient of 0.96 
This relationship is seen to fit the data 
quite well 
By substituting Eqs. (18)， (20) into Eq. 
(1力， a relationship between skid num 
ber (SN)， British pendulum number 




1 mph = 1.6093 kmph 
一一一MTD= 30 X 10-3 inches 
MTD = 20 x Kl-3 inch田
-MTD = 10 x 10-3 inches 
、、、
20 4060 80 km I hour 
~ーーー一一~一一一一~
10 20 30 40 50 60 
VEHICLE SPEED. miles I hour 
Fig. 6 The Skid Number-Speed Relationship for 
depth (MTD)， and speed (V) can be obtained: Different Pavement Texture Conditions 
SN，. = (1.38 BPN -31) e -0.041 (MTD)-017 (21) 
The relationship between skid number and speed for various microtexture and macrotexture is 
presented in Fig. 6. In designing pavements for good skid resistance at low speeds ， itis important 
to provide hish BPN levels， while for adequate skid resistance at high speeds it is necessary to 
have high values on MTD， macrotexture. 
4. Development of Models for Skid Number-Surface Texture Relationship 
The objective of this part is to develop the prediction model of skid number with ribbed and 
blank test tires from pavement surface texture prameters， and vice versa. In an attempt to better 
define the skid-resistance values of pavements， HenryOI has compared the skid-resistance data 
measured with both the ribbed and blank test tires. The data are plotted in Fig. 7 with BPN and 
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MTD. Examination of Fig. 7 shows that 
the ribbed tire ranks the ipavements more 
60 
strongly accdording to microtexture (BPN) 

































however， .ranks both according to mic. 
rotexture(BPN) and macrotexture (MTD)， 
while the ribbed tire is unable to distinguish 
differences in macrotexture. The appearant 
sensitivities of the types of test tires sugg 
est lthat I the， ribbed ver sus 'blank tire skid 
j.d-，'--Pol ished Pavements 
10 
test comparison is a promising indirect met 
hod of measuring both microtexture and 
10 
。。
To test this hypothesis， two macrotexture. 
Comparision of Skid-Resistance Data 
Measured with the Ribbed and Blank 
Test Tires (Pennsylvania Sites， 1978) 
7 Fig 
approaches have been tried . as. described 
by the following discussion 
Macortexture lndex (MTI) for 
Pennsylvania Sites 
Table 
Prediction Model of Skid Number 
with Both Test Tires 
4 -1. 
The first approach was suggested by 
Sll~ Comrut('(j Textυre Depth Pdvement 
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Philip Dierstein of the Ilinois Department 
of Transportation 11) who proposed the 























































































where SN~ ニ skid number with the rib 6 .j
bed test tire at speed 
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。June1980 
o June 1981 
B 
SN:， skid number with the 64 
2.5 




64 km/h (40 mph) 
MTI = macrotexture index 
When applied to the Ilinois data， a 
2.0 
















(MTD) and the macrotexture index re-
sulted in the following 
ln MTD = 0.469 -5.12 ln MTI 
信3
whεre MTD is expressed in mm (1 mm 
??0.039 
No correlation coefficient was reported 
l mm = .039 in. 




for this regression. 





to Pennsyl vania data for J une 1980 
Macrotexture Index (MTI) Versus Sand-Patch 
Mean Texture Depth (MTD) for Combined 1980-
1981 Pellnsy lvania Data 
8 Fig 
and June 1981， and is tabulated in 
Table l. These data was plotted in 
Fig. 8， and a least squres regression in 
the form conducted by Ilinois was carried out with the following result15L 
位司ln MTD = 0.397 -5.73 1ηMTI 
with a correlation coefficient of 0.95. The similarity of these two results is encouraging . In view 
of the excellent correlation found for the Pennsylvania sites， this procedure appears to be a prom-
ising method for indirectly determining macrotexture from skid number with both ribbed and 
blank test tires at speed of 64 km/h (40 mph) 
4 -2. Prediction Model of Skid Numbers from Texture prameters 
Henry and Saito8). 16) have attempted to relate both microtexture and macrotexture with skid 
numbers measure by ribbed and blank test tires. Linear regressions w巴recarried out to the form: 
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SN~ 二日十 a ， BF八!+ a.)凡1T/)164 ~() ~ 1 .~." ， ~"'... </ I 
SK = bn + b， BPN + b.， MTD I A V{)'"1 
問)
The data were available from skid tests which were conducted with both ribbed and blank tires 
in 1979 and 1980 on 22 test sites in Pennsylvania. The test sites included 10 dense-graded. six 
open-graded， and six portland cement concrete surfaces. The multiple regression analysis produced 
the following results 
1979 data: 
Stl/sl = 0.80 BPN ~ 4.72 MTD ~ 7.89 (r = 0.86) 
SW:l = 0.64 BPN + 16.1 MTD ~ 19.68 戸 O前) (26) 
1980 data 
Stl/s4 ニ 0.74BPN + 5.91 MTD ~ 9.19 (r = 0.96) 
SNf1 ニ 0.54BFN十 19.7MTD一 16.87 (r二 0.95)
包め
Subsequently， these data were combined， and a similar regression was performed， with the follow-
ing results 
Stl/sl = 0.766 BPN + 4.72 MTD ~ 9.7 (r =ω2) 
Sw:，1 ニ O凶 BFN+ 17.3 MTD ~ 19.5 戸 0.92) (28) 
The results suggest、thatskid numbers with the ribbed test tire are highly sensitive to pavement 
surface microtexture and relatively insensively to macrotexture， while skid numbers with the 
blank test tire are sensitive to both microtexture and macrotexture 
In addition. regressions were performed with the skid numbers as the dependent variables on 






with the following results 
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BPN = 20 + 0.405 S凡+0.039 SN!4 (r = 0.91) 1 
MTD = 0.49 -0.029 S~4 + 0.043 SN!4 γニ 0.86) I 。
The consistency of these data and the relatively high correlation coefficients obtained for the re 
gressions indicate that skid number can be predicated from both microtexture prameter (BPN) and 
macrotexture (MTD) data by using an expression of the forms of equation (25). And they also sug 
gest that both microtexture and macrotexture can be predicted from skid numbers data by using 
an expression of the form of equation (29). At this point， the coefficients given in equations (28) 
and (30) are recommended， but additional data should be obtained to verify the validity of the 
coefficients. 
5. Conclusions and Recommendations 
In this study， some attempts were made to relate the skid resistance to the pavement surface 
texture.ぜThefollowing conclusions and recommendations are drawn from the relationships de. 
veloped in the study 
(1) The most conceptually satisfying model， the Penn State Model for skid resistance.speed be 
havior， was developed in the form of equation (8) and has shown that model coefficients correlate 
well with texture prameters. 
(2) Skid resistance at any speed can be predicted from one microtexture and one macrotexture 
prameter， using the Penn State Model. To determine the speed dependence of skid resistance， 
measur巴mentswould have to be made at least at two different speeds， which increases the cost 
Therefore， prediction of skid resistances would be very useful. 
(3) The ribbed test tire provides a good evaluation of microtexture， but is not sensitive to mac. 
rotexture， which is an important factor in wet.pavement safety. The blank test tire is sensitive to 
both microtexture and macrotexture. Based on these differences in the dependency of skid resist. 
ance with ribbed and blank test tires on microtexture and macrotexture， the relationships between 
skid numbers with both test tires and pavement surface texture. As a result， ithas shown that 
microtexture and macrotexture can be predicted from simultanious measurements of ribbed. and 
blank.tire skid resistance values at highway speeds (i.e.， 64 km/h)， and vice versa 
(4) The concept of using both types of skid test data shows promise as a candidate indirect mic 
rotexture and macrotexture measurement method. The fact that skid test trailars are extensively 
used by most states in the United States means that this indirect texture measurement concept 
could be implemented easily and with relatively litle expense 
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(5) The relationships developed in this study are based on microtexture measured by the sand 
patch method and on the British pendulum number (BPN) as a suro耳atefor microtexture. Although 
they are adequate measures of microtexture and macrotexture， they do require the interruption of 
traffic. It is unlikely that a microtexture measurements can be made at high speeds. However， 
progress is being made in the development of noncontacting， high spe巴dmethods for measuring 
macrotexture. It remains to dεnvεand verify a new set of model coefficients， based on more reli-
able texture measurements. 
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Study on the dependency of triaxial shear behavior of sand 
on the sample dimension and fadric. 
Shinichi ISOZAKI， Noboru NITT A 
Abstract 
Static triaxial compression tests on the specimens prepared by MSP were performed to compare the larger 
diameter specimens ( j 150 x 360mm) with the standard specimens (1 70 x 170mm.t 50 x 120mm，j' 35 x 
85mm). Tests results showed that the angle of shearing resistance of specimens with large diameter (中
150mm) have a larger degree values (about 1 degree) than those of the standard specimens (キ ~70mm) in spite 
of relative densities 
For the specimens with diametcr of 150mm， a series of static triaxial compression and extension tests on the 
specimens prepared by different methods (to obtain the specimens having a different fabric) were also per 
formed. The variation in the angle of shearing resistance due to the effect of difference in sample preparation 
methods can be observed more clearly for the specimens with diameter of 150mm than for the specimens with 
diameter of 50mm 
Furthermore. elasto-plastic stress-strain relations proposed by Miura et al. were adopted to the medium 
triaxial test(j 150mm) results. Comparisons of the predicted and measured stress-strain relationships showed 











































MSP method I Rodding method I Tapping method 
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ている O この方法により B値は0.97以上の値を得ている。引続き 有効拘束圧 Pc'=98kPaのも
とで 1時間程度等方圧密した後に排水三軸圧縮・伸張試験を側圧一定，ひずみ制御(小型三軸試
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半径方向主応力 E a' E rはそれぞれ執方向，半径方向主
今回，中型三軸試験機に用いたメンブレンは厚さ tmが1mm (弾性係数Em= 16.8 kgf/ cnl)あ
るためメンブレンカを無視できないと考え圧縮試験においてメンブレン力をフープテンションと
考え側方応力を補正した((6)式)。また，伸張試験においては小型 (tm=0.2mm， Em = 18. 5 kgf/ cnl)， 
中型!三軸試験ともメンブレンの軸方向の張力に対して補正した((7)式)7)。
ムσrm= -Em • Am/ 2 A (6) 
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図-6 J，i:;，力 ひずみ ダイレイタンシ一関係(その 2) 





























表 2 世50，150mm 供試体におけるせん断抵抗角
影響大となっている O
図 7 (a)， (b)は三軸圧縮・伸張応力条件における各々の応力比一ひずみ増分比関係を各供試体
作製法で比較したものである。三軸圧縮応力条件でその関係は直線で近似できそうであるが，せ
ん断初期にバラツキが大きしミ。しかしながら，破壊に近い状態ではひずみ増分比はほぼ等しい値
となっている。三軸伸張応力条件においてもせん断初期の関係は Rodding供試体， Tapping 供試
体， MSP供試体の}I夏に右に移動しているが，ある程度の応力比に至ると線形関係を満足している O
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図-7 応力比とひずみ増分比の関係(その 2) 
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f=r; (= q/〆) (9) 
塑性ポテンシャル関数gはせん断初期に生ずる負のダイレンタンシー特性を表現するために
次のように求められている。
Cd ・m 川 lg=q+I=函(1一戸(/--]) (Cdキ 1) ?????
g = r;十mlnp' (Cd= 1 ) 
??









































































図 8に一例として MSP供試体における 10耳 h~
logWP関係を示す。
このように決定した定数を MSP供試体と Rodding供試体の場合について表 3に示す。
以上から求められる軸対称条件下の応力一ひずみ関係式を以ドに示す。
13十(Cd. m)・(1--1-)1d η 
m 
dε 寸 (W13)H.i 
3P' 
(1引
dE，=A(WP)H.+ (Cd 'm)(l-;t)dr; (18) 












































































TOYOURA SAND I 0 
Drc-80% I 0 
PC・-98kPa 己
ゆ150mm Speclmen I 0 
Rodding SpeclmenI 0 。
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Effect of Particle Mass-Concentration on Evaluating Mixedness 
Haruo WATANABE 
Abstract 
In evaluating the quality of a hinary particle-mixture various mixedness indices including the theoretical 
variance of samples are widely employed. The theoretical variance can be easily obtained when the number-
proportion of particles to be mixed is previously given. However. the theoretical variance based on the particle 
mass-concentration in samples is difficult to obtain and it cannot be treated in the same manner as the number 
proportion， especially when the particles are composed with different size or weight each other. In this paper， 
the relations of the theoretical variances between number-proportion and mass-concentration are investigated 
in order to evaluate the randomness of particle-distribution in a mixture by comparing the observed variance 
with the theoretical variance. In addition， the method for estimating the theoretical variance of samples by a 
stratified sampling and the mixedness by the analysis of variance ratio are given in case that the theoretical 






























E(η¥)=nP (1 a ) 
2(日九)= EI! 日p(1 -p) 
N~ 1 (1 b ) 




(1 c ) 
っ l っ N~n P(1 ~P) 
σ乙(t)士一γσ"(11，，)=
Jr 、 N~ 1 1 
(1 d ) 
抜取ったサンプルをもとへ戻す復元サンプリング，あるいは抜取比n/N<O.lなら，混合物を
無限り集団とみなせるから，n，-¥は二項分布に従い， (l a )式と(lc )式はそのまま成立するが，(1
b)式と (1d )式は有限修正を Iとして次のようになる O
σ2 (1 A)エ ηp(1 ~p) (1 e ) 
σ2(p)= p(l ~p)/日 ?????






















P 0-※ 0.05 0.1 0.2 0.3 0.4 0.5 
n 。 1400 600 200 80 50 30 
nP 80 70 60 40 24 20 15 
※ Pが極めて小ならポアソン分布として考える。
表2 P=0.5， n =30のとき、サンプルの p の片{ft~95%信頼幅 h
にたいする抜取り組数 kの値
h= 1.96JP(1-百万n 0.005 0.01 0.02 0.05 0.10 













1 k n" 1 
.P=-. ~ ~=十~ P; 
k ;=1 叫 k i=1 . 
またpの期待値は次式で与えられる。
n. 
E(p) = E(ー と)=P 
n 
すなわち k組のサンプルのPiの平均pはPの不偏推定値である。
(2 a ) 
(2 b ) 
混合率P既知の混合物から一定粒子数n粒のサンプルを繰返し k組抜取るときのpの実測分散
は次式で計算される。



















i=1 F<ピ i=l り i=1 j 
E(t)=P 
Rに対する実測分散とその期待値はそれぞれ次式となる。
S2(p) = -=E (p;-p)乙
f j~l 
j =1，2，・ ，r
E(i(p)) = (J2(p) =p( l-P)/伽
(3 a ) 
(3 b ) 
混合率P既知のランダム混合物からのサンプルのpとpの分布は，nP> 4なら中心がP，分散
が(1f )式と(1g )式の正規分布に近似できるから，その95%信頼区間はそれぞれ次式で与えられ，
実ìP，lj~直 p または p がこの範囲内にあればランダム混合物であるといえる O
p P:i l. 96σ (p) = P:i l. 96呼汀弓巧 (4 a ) 
P P:i l. 96σ (p)ニP士l.96呼百二五万一 (4 b ) 
(4 a )式と (4b )式では有限修正を省いてある。有限混合物で抜取比0，1以上なら有限修正を要
する O また坤>4のランダム混合物からの町二(Pi-p)/σ(p)はN(O，l)に従い， さらにx;=214;
ランダム混合物からの h組の=E(Pi-P)2/σ2(p)は自由度hのカイ二乗分布に近似できるから，
サンフ。ルの値Piの理論分散の95%信頼区間は次式で与えられる O















38 39 46 53 58 60 41 50 50 43 40 47 38 44 0 40 53 43 50 40 [半立]
[解 n=100，k=札 「旬以/n，f.pj=9は zd=4m， p=Ept/ド 0.4565
S =E (PI-p)2=Epj-(EPg)2/h=42m-(9削 2/20=0.08526
S2(p) =5/ (k-i) =0.08526/19=0.004487・・・・・・実測分散
仕こみ混合率不明のためpを用いる O σ2(p) =p( 1-p)/ (n -1) =0 .4565( 0.5435 )/99 =0.002506 
l)pの95%信頼区間=p:f:1.96σ (p) = 0.4565:f 1. 96吋瓦面扇=0.3584-0.5546
与えられた値のうち0.58と0.60の2個がこの範囲をこえるから この混合物はランダムとはい
えないことになる。
2) X~=5/σ 2(p) =0.08526/0.002506= 34.02を/(以 0.05)=30.1と比較すると x:>X2の故
S2(p) >σ2(ρ)となり，ラン夕、ム混合物とはいえない。
3) Fo = s2(p)/σ2(p) = 0.004487でF(19，∞; 0.05) = 1. 59より大きいので，ランダム混合とは
いえない。
4)参考のため Laceyの混合度指数を求めてみる。 σ;ニ p(l-p)二二0.2481であるから













































1司 X=MB/M 1 
=NB/N 
ポ(x)=どゴιX(l-X)竺iL
























(7 a ) 
同様に復元サンプリングもしくはM'Tmの場合には有限修正が不要で. (1 f )式に対応する次式
が得られ2)これは英国規格 BS1293(1946)に与えられている。

















A B 員十 A 日 Bi十
l夜径 d d d d 
l粒体積 α α α α 
密度 PA PB PA PB 
I粒質量 uJA ω B ω A ω B 
粒子数 NA NB N nA 九 η 
粒数分率 P=N~N 1-P=NB/N 1 P司 iA!:η .1-p~/n 1 
質量 MA=NAuJA MB=NBuJB M mA=干'YIAuJA mB=nBuJB m 
質量分割巨 X=MA!M 1-X=MB/M 1 x~A!m 1-問 'B/m 1 
容積
NAa NB α V
A寸nA，τατ ηBαm vzA 一1一同E V-B F 一l一-e: 以'也申-E a U vBF1一・一E 拘・1ー-e:
容積分率 Y=VA!V 1-Y=VB/V 1 y=vA!:υ 1-y=vB/V l 





の着目成分容積恭準含有率もそれぞれ Y，y，粒子 1粒の体積を a[ば]とすれば，y = P， y = p， 










M. N 叩 Pw
X = ":.'"ー 」ームー . -A 
M NJ114Yへ十NswB Pw¥ + (l-P)wB 













ゐ u‘w 12 の
σζ(x)=l--Aυ フ |σ ム(p)

















P=NA/N= (M/WA)/(M/w~B) =XWAiWA (13a) 
1-PニNiNニ (l-X)wAiwB (13 b ) 
上の両式を加えあわせると
1 X 1-X 











2(x)=[XWB+(1-X)ωJ E(m) (15) 
(9)式と(1日式は着目成分質量基準含有率がXであるランダム混合物から得られる一定粒子数の
サンプル中着目成分質量基準含有率 x の分布の期待値と理論分散を示している 3)。ただし M~m

















を有する 2成分異径枝子群混合物にまで拡張でき， (1司式中の 1粒質量を次式のようにそれぞれ分
布平均質量に代えてもよいとされている3.4.5)。
21 ¥ X(l-X) 
(x)= ..~"(示了一[(1-X)E fj¥iWAi + XE flliWBi] (l5a) 
ただし五は 1粒の質量が似の粒子成分の質量分率である。後節に述べるように，両成分で 1粒
の質量が異なれば一定質量サンプル中の粒子数は違ってくるが， (15 a )式ではそれを一定と仮定
し定質量サンプリングにも適用できるとしている O 計算例を次に示す。
[例題 A，B両成分粒子のフルイ下(通過)質量分率は次のようである。
フルイ巨径，d， [f1m] 75 90 105 125 150 180 
A成分フルイ下質量分率 o 0.040 0.080 0.120 0.370 0.905 
210 
l.00 
B成分フルイ下質量分率 o 0.004 0 .024 O.037 0.219 0.916 1.00 
A， B成分はいずれも球形で密度はそれぞれρA=2.69，ρs =2.65 g /cぼである O 両粒子群を質
量比で等量混合したものからサンプル 2gを取るとき，サンプル中 A成分粒子質量基準含有率
の理論分散を求めよ。
[解] 各成分の粒子 1粒の質量を wi=πd13ρ/6として，次に l粒のフルイ日間平均質量。1を
求め，EfiWiを計算する。
d [μ削] 75-90 90-105 105-125 125-150 150-180 180-210 
WAi [/'1() 0.594 1.027 1.630 2.751 4.574 8.214 13.044 
WAi 0.810 1.328 2.190 3.752 6.484 10.629 
A 
fAi 。.040 。040 0.040 0.250 0.535 o目。95 1.000 
fAiwj¥i 0.0:i2 0.053 。目08日 0.938 3目469 1.010 5.590 
329 
渡辺治夫
即日j[μ"l 0.585 l.012 1.606 2.710 4.683 8.092 12.850 
uりBj 0.798 l.309 2.158 3.696 6.387 10.471 
B 
fBj 0.004 0.020 0.013 0.182 0.697 0.084 1.000 
JBjWBj 0.003 0.026 0.028 0.673 4.452 。目880 6.062 
上の計算からEιtかAl=5.590，ug， L:fSjWBj =6.062μg， m= 2 gニ 2X 106μ g， X=0.5より，
サンプル 2g中のA成分質量基準含有率xの理論分散は(15a )式に代入して
っ (0.5)2
cr"(X)=一一一寸 [0.5(5.590)+0. 5( 6.062)] =7.2 X 1O ~7 
2X10V 














A， B の 2 成分異径粒子混合物でA成分粒子 1 粒の質量を Wjいその直径を d~ ， B成分粒子 1
粒の質量を WB，直径を dBとし，その他は表4と同様にサンプルn粒中のA成分粒子数を nl¥' B 
成分粒子数を円とすると
n = n. in A ' "B 
である O またこのときのサンプル質量を帆その中のA，B成分の質量をそれぞれmA，mgとす
ると，m}¥ = nAwA， mB =叫BWBで，かつ ηB= n-nAであるから





(nA =0) もあるし，またその逆に n粒すべてがA成分粒子のこと (nA=n) もあり得る。上の例
でu¥A= 2wB とすると，一定粒子数日=100粒のときのnA=0とれA=100に対応する mは50wA-
10伽 Aの範囲で確率的に変動するが，その変化はサンプル採取時点で予測できないから，粒子数
が一定となるようなサンプル質量をあらかじめ設定できないことが知られる。この例での WA/WB










m=m 十 mn 阿世)十nnWA '''"B '"A~A' "B~B 
n=n 十 nA ' ''B 
(l6a) 
(16b) 
WAと卸日は各成分粒子 1粒の質量である。 1[i:iJ日採取の質量mのサンプルにつき，添字を 1と
して
n， =n.，-rn '"A1 '日l
m ニn.，w 十 nn，Wn= n，w 寸-n.，¥W， -Wn) A1~A ''"B1~B '"1~B' "A1、 A 日/ (17a) 
同様に 2回目採取のサンプル(質量mは不変)につき添字を 2として
n ニ n 十 n'" AZ ' '"BZ 
m = nAZwA十nB2仰 s= nzwll十日AZ(WA-WR) (17 b ) 
mは一定であるから(17a )式から(l7b)式を引き，内lとnBZを消去して整理すると
叫人





W/Wsニ r/q (19) 







nBニ br b=0.1.2 
従って(l6a)式は次のようになる。
T叫ん





ι+b qw、 rwi¥ '~B 
a， bは正の整数であるから，a+bもまた正の整数となる O そこで m/qw九二 m/附 Bε とL，a 
+bニ E とおくと，eもまた離散値となる。従って一定質量mのサンプルといっても連続的な値で
はなくて不連続な値をとり ，qWA = rWBのときにのみm= eqwA = erwBとなってmが一定値を示
すことになる。例えば WA ニ 0.5g，WB二 0.2gなら，r = 5， q 2で m=eqwA erwl 
1，2，3，…[ g ]に限られ， m'土1.5や2.5の値をとれないのである。このように考えると A成分質
量基準混合率(仕こみ率)がXであるランダム混合物から m= eqwAの一定質量になるよう採取









サンプル中のA成分質量基準含有率xは， nA =aq， m=eqwAより
nAw~ aqw;¥ a 
x二二 二二
eaw" e マ I
であり， σ2(X)ニ d2(日)/e2で，e=m/qwAで、あるから xの期待値と理論分散はそれぞれ次式で与
えられる O
E(x)ニ E(a)/e= X 
っ σ2(a) qWA 
ピ(x)=一-?' =x(l-X)ー 土
t】押1
(20 a ) 
(20 b ) 
(20 b )式は数学的には正しいが，実用上には問題がある。例えばWA/WBが11/10と111/100の
混合物からそれぞれ一定質量をサンプリングすると，前者は q]=10，後者は q2=100であるから
(20 b )式より， σ2(x，ql==10)/σ2(x， q2=100)=1/10となるが，実際にはこの比はほぼ1である。
これは 4定質量サンフ。ルに対する条件を m=eqwA=erwB と厳密にしているためである O
A成分 1 粒の質量 w~ が B 成分 1 粒の質量( WBの整数倍なら，(20 b )式は簡単になる。
合の質量比の最小値は W，/WB= 2で 1 X 
あり，さらに(1到式で q=1とおける ず、。























~ 7' 九九久、/ 寓ヨ / 、x、J Y、.，(
jv y 
O M4Je 
O 1WA 2~ 3WA 仏内~ 5州 m=ewA






O 1"，弘 2WA 3叩 4WA 5Iv.;，. m= eWA 
O 州's 8ws 12"，匂 16"，も 20¥も m=4e時
サンプル質量 m 
世へ=4wnの1t-l:壬2成分粒jこランダム混合物からのサンプル採取




















W1ニ b2w2二 bzb3w3二 bzb3b4W 4' 
これらの粒子成分がランダムに混合している
か否かを調べるために&定質量のサンプルを採




粒数 nu n[ nj n2 同
質量 mu= 同1[= 町、= 円12= 円"= 
~linR~ 
1 粒質量 Wu W[ Wj W2 wr 
直径 du d [ d， d2 d， 
















m' =n ，uり二 m~ 2: n.w. = 2:n.w 
























(25 b ) 
?円が一定のときのXlの期待値は， (25 a )式より
E(Xl|Eixi)=(l-ElxJXlF (26) 
15戸と mが一定なら，混合物を lとl以外の 2成分系として扱えばよく ，x/の条件付き理論分
散は
σ2(XI'|l=lXI)ニ x，'(l~x，') 竺L
二 l ιιι m






σ2(x，)=E J(J"2(ιJXI)l 十σ2I山 Ill-1)l
の関係があるから， (26)式と(27h¥より上式は次のようになる。
1J) • ~ 1 ハ '-1
σ2(X， )二 X，'(1 ~X/) ユ(1 ~ 2:人)+X/乙σ2(2:.X)
m 二，=1 (28) 
I二式中のσ2(2:X.Jは不明であるが，これは次のようにして求められる。すなわち
'.1 
X，= 2: x.~ 2:x 





ポ(plXt)エポ(XI+ElXI)=ポ(x[)+σ2(与)+2E(XlElXt) 2Xl P戸 (2功
上式の最終第 3J貞はの関係があるから，
ニ E!?tE(X1121)l







































σ2(9lxt)二 Xl(l-x;)t+(1-4)川 ??? ??? ??


























成分 l粒質量 質量基準 残留率 1-1 1-1 X 
整数よヒ r:，Xi 1-r: X X'.= 
Wi [皿g] 混合率，X， r:X i=l i=l 1-1 1-l: X 
Wj =0.52 2600 Xj=0.22 0.22 O 1.00 X'j =0.22 
2 w2=0.20 1000 X2=0.21 0.43 0.22 0.78 λ:'2=0，27 
3 w3=0.089 445 X3=0.23 0.66 0.43 0.57 X'3'=0.40 
4 w4=0.012 60 X4=0.12 0.78 0.66 0.34 X'4=0.35 




。 u人向 0.52 
σZ(X，)=X，(l-X'，)_l + (l-X'，)σζ(0)=0.22(1-0.22) ~ =30.8X 10 生
j ， .. I ' -.. l' m . l' 29 
1=2 
W円。 0.20 。
σ"(X，+Xっ)=Xっ(l-x二)_L+(l-x¥)σ 乙(X，)=0.21 (1-0.27) ~+ (1-0.27)"(30.8 
同様にして
A 白 m 29 




この結果を用いて側式より 0"2(x)を求める。 σ2(X1)は上の計算で求められている O
Wo 0.20 川
i=2 σ'"(X?)=X?(l-x¥) _L_ + X':σζ(0十X，)二 0.21(1-0.27) --+ (0.27)"(30.8X 10 引
。 ム m 29 
=12.8X 10-4 
u人。ハ










??Xjj-x.ニ (X，-X..) + (X'j -X，.) 
上式中の各平均は次式で求められる O
x.こっ=--I] I] xニっこI]T
or i=l i=l LJ OY i=l L 総平均濃度
lι1 
主 Lx T 

















ST=総平方和=I]I](Xi，-X..)2ニI]I]x，/---' _.)一， j " br 
(I] I]xり)2















自由度 不偏分散 分散比 期待値
中B=b -1 VB= SB/中B FO= VB/Ve E(VB)司 e2チ町 2




Ho: 1 i= 0 またはσB2=O
Hj: 1，> 0 またはσB2>O
とし，Fo<F(~B' 併 e'α) なら Hoが採択され，容器内に濃度の有意差は認められなくてランダ
ム混合であるとしてよいことになり，また Fo>F(~B' ~e;α) なら Hjが採択され，容器内はラン
ダム混合とはいえないことになる。引土自由度， αは有意水準で通常は 5%にとられる O





































層 2 3 4 5 
R 
1 
0.08 0.02 0.07 0.03 0.06 0.26 
T 
1 
1.66 1.68 1.57 1.54 1.13 7.58 
y2 2.76 2.82 2.46 2.37 1.28 1l.69 
層数b=5，繰返し数r=3， R=L.R/b=0.26/5ニ 0.052，D4(r=3)=2.575の故，D4R=2.575 





5 X 3 
L.T2=1l.69より


















0.067 4 0.017 18.6** F(4，10; 0.01)=5.99 


























































x2 : カイ 2乗
添字 A.成分(着目);B.成分または層間 e.誤差 T.合計。
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Power Consumption in Stirring Vessel with Multiple Stage Impellers 
Toshio Y AHATA， Kazuo IGARASHI， Shinya SHIMAZAKI， Fujio KOMATSU and Koji ANDO 
Abstract 
To evaluate the effect of clearance between two.stage turbine impellers on the power consumption in stirring 
vessel with multiple stage impellers， the torque of water and corncyrup was measured， using the stirring ves 
sels whose ratio of liquid height to diameter is 5. Three geometrically similar stirring vessels were used， 
chan耳ingthe distance between two sta耳eturbine impellers 
From the results obtained， the relation between the ratio of torque torque of two impellers Tっtothat of one 
impeller T1， T/T1， and Reynolds numbcr λんwasexpressed as follows 
1) T/T1 had thc minimum value at IID，主 03Tilemlmmum value was obtamed14at JVRF>l O ×102 
T /T1 as a function of九IRc叫ん」F<10×1 02can be expressed by the rElat10II 
T.IT，二 1.0'N"()開 Nn =1 ， 5XI0J~1 ，OXI02 Ke 
2)T2/71 0btamed thc constant value at l/131〉10The constant value was 20 at lVR43>2.5×102and lt 
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UJ torque meter 
(3) stirred vessel 
(4) turbin impeller 
l5) baffle plate 




















O 1.0 2.0 
1/0; (ー]




するトルク Tとその揖枠速度 ηから.P= 2πnTで求められる O 従って. 1翼と 2翼の所要動
力比は PzlPjニ(2πnTz)/( 2πn九)二TzlTjである。 Fig.3に示されるように TzlTjはl/D，=
0.3~0.4近辺で極小値 (TzlTj )m;nを示す。さらに，翼間隔を大きくしていくと TzlTjは次第に


















O 1.0 2.0 
lIDj [一]
3.0 
Fig. 3. Effect of IID， on T2/Tj 
ld 
μ: 0.001-2目973Pa 5 
門 6.7戸13.3ぎl
? ?? 、 ↑
E 
a酔
1Q1 102 103 
NRe [ー]
104 105 
Fig. 4. Relationship between (T之ITtlm附 (T2IT，)and NR" 
ニl. OX102~ l. OX105 の場合はほぼl. 4を示している。また NRe がl. OX102 より小さくなると
(T zlTj) minは減少の傾向を示し，Nl/eあるいは μの影響は，異なる粘度 μ，撹十字速度n，装置規
模を合めて，次式で表わされる O
(TzlTj )minニl.4 (1 ) 




n=6.7~13.3s-j ，11 =0.001~2.973 Pa.s 
(Tz!Tj)min=1.0・lvJC4 (2) 
NRU=1.5×101-l .O ×102 Dt' n， /-1.の範囲は(1)式と同じ。
I/Dj>1.5の (Tz!T1)cは， NRc=2.5×102~1.0×IOUの範囲では一定値の2.0を示しているoNRe 
=1. 5X101~2.5X102 の場合の (Tz!T 1 )cは，レイノルズ数人rReの関数として示されている O す
なわち，I/Dj>1.5の (Tz!T1)cに及ぼすNReあるいは μ の影響は，異なる粘度 μ，撹祥速度n，
装置規模を含めて，次式で示される O
(Tz!T])c =2.。
Nn =2.5X lOz~ 1. 0X105 
Kf 
(Tz!Tz)cニ 0.9・NRJ14 








槽内径Dt=O.l，0.14， 0.17mの3個の幾何学的ド相似な撹件槽に， t畳t宇液高さ Hを槽内径
Dtの5倍に設定し，撹十字i夜として水および水飴水溶液(/"ニ 0.00l ~2.973 Pa"s)を用い，液高
さHの1/2の位置に 11岡のタービン索、を取り付けた場合のトルク Tl' および同一撹祥軸に液高さ
H の 1/2を境界として 21~1のタービン翼を上下に対称に取り付けた場合のトルク T2 を翼間隔を変
化させて測定した結果次ぎの結論を得た。
1) Tz!T1はl/Djキ0.3において相川イ立を持った。その極小値は NRe>1.0 X 102においてはl.4
を示した。
2) Tz!T] はI/Dj>l.Oにおいて一定値を示したO その・定値はlVRr>2.5×102においては2.0，




































1 )佐藤忠正・谷山厳:化学工学29，38 (1965) 
2 )谷山厳・佐藤忠正:化学工学，30， 354 (1966) 
3 )竹田邦彦・星野照彦・田口英昭・藤井武:化学工学， 32， 376 (1968) 
4 )西川正史・芦分九明ー・橋本憲明・永田進治:化学工学論文集， 2， 426 (1976) 
5 )村上泰弘・広瀬勉・吉田i彰人:化学工学協会第47年会研究発表講演要旨集， 330 (1982) 
6 )田中政一一小森悟・村上泰弘・大谷博宣:化学工学協会第52年会研究発表講演要旨集， 597 (1987) 
7 )八幡毒雄・安藤公二・小松藤男・遠藤→夫:化学工学論文集， 11， 400 (1985) 
8 )八幡書雄・小松藤男・秋吉亮・安藤公二:化学工学論文集， 13， 691 (1987) 




Sedimentation Velocities of Single Particle in the Vertical 
and the Horizontal Oscillating Fields 
Eiji OBATA， Haruo WATANABE and Koji ANDO 
Abstract 
The effect of oscillation on the average terminal sedimentation velocities of a particle was measured by 
means of video recorging device. Seven sizes of Nylon spheres were used and oscillation frequencies were from 
0.33 to 1.5 Hz with three amplitudes; 5.5. 8.0， and 10.5 cm. Ion exchanged water， ethylene glycol solution of 
45 wt%， and glycerol were used as fluids 
Results obtained were as follow 
An increase in either frequency or' amplitude leads to decrease the terminal sedimentation velocities of parti 
cles 
Frequency affected the retardation in lerminal velocilies more than amplitude in both the vertical and hori. 
zontal oscillating fields 
The dimentionless equation derivated for a horizontal oscillation was related to Reynolds number， Frods 
number守 theratio of particle.size to amplitude， and the ratio of densities. The correlation based on the ex 
perimental values was given by 
J A A2d ー」Lth(f二~)U8(二一)，1(-，-)Y (fl二ι)δ
A"， ，u 9 A p 
where 1ニ1， y = 2，δ= 1 in Stokes range， 
-2</1<-1， 0.5<y<2， 0.5<δ< 1 in Allen range， and 

























πd:J dV πd" πd3 dU， 
(fJp X fJ)-i+CI-一 οIV，-UL I "sgn(Vp-UL) 一一一(1 +χ ) p -ーと十B(t)=O6 'i" t 1.1" dt ~l) 8 1" 't " ' ~6""P "[1 6'.' 1./1- dt 
i十 1. V，-U，>O 
ただし sgn( Vρ-Ur)= ~ 
ムム I- 1. Vp - UL < 0 
(1) 
ここで.dは粒任 (Jp. ρは粒子および流体密度. Vp • ULは粒子および流体速度，xは流体
の見かけ質量係数， C/)はi主体抵抗係数，およびB(t)はBassettermと呼ばれ，定常状態におけ
る流線からのずれの影響を表す。 (1)式の第 2項の指数nは層流域 (Stokesrange)では n=1， 
剥離現象を伴う乱流域 (Newtonrange)では n=2である。本報で用いた実験粒子の粒子基準
Reynolds数 (Re二 ρdV，/μ，μは流体粘度)は乱流域であり ，n= 2である。また， Houghton 
によれば乱流域では， Basset termは無視できる。流体速度に正弦運動を考える。
L1ニAωcosωI=Aw cos 2π ft (2) 
ここで Aは振幅， ω は角振動数，fは振動数である O 理想振動流体中の粒子について，
Rschevkinの理論解を応用する 11)。すなわち，瞬間粒子沈降速度 Vpを平均粒子沈降速度 Vpを用
いて次式で表す。
V，=V十u， --::-;---~ 




V" r， ~ I (ρ1'/ρ)一1 ¥2， Aω¥211/2 
=11-21-'-'--'----1 (-1"1 






Vp=kAν(ρp一ρ)'dd/" egfρ。 (5) 
(5)式を無次元化し，次元解析によって解くと
~=lL竺引け!I(生人f(~ ¥d-c-g (~ιιi 

























A : Sphere inlet 
B，B' : Vessel 
C : Base line 
D : Motor drive 
E : Osillating equipment 
F : Universal Transmission 
G : Eccentric wheel 























液温は20.Cとした。各物性値はイオン交換水が ρ=9.982×102kg-miμ= 1.005 X 10 -3Pa・s，
グリセリン水溶液が ρ=1.116X lO¥g・m-3，μ24.563×103pa.s，エチレングリコールが p
=l .116×103kg.m3，μ=20. 92X 10-3pa.s，である。
4.垂直振動場における粒子沈降速度
振幅A=55 mm， 80 mm，振動数f=1.0Hz， 1.5 Hzで単振動しているイオン交換水中にナイ




数 (Re=r)d Vs /μ)，静水中の終末沈降速度 Vs'振動場での平均沈降速度 Vp，およびち/Vs(括
弧書きi)を示す。
垂直振動場での遅延効果を調べるため， (1)式をつぎのように整理する。
山(ん /ρ)一1]( 2π)2 j z l -22(A f)2
，' [2(()1'/ρ)+ 1 ]VS 
(7) 
2. 1節で述べた垂直振動場での遅延効果(九/Vs)は(4)式， あるいは(7)式より ，Vsの小さ
い小粒子ほど小さくなることがわかる。 (4)式の ρpに平均粒子密度戸pを用い整理したのが図-




dXI03 Re ρpX 10-3 v，X102 示pXliJ vpX 10' 示pX10' 示pX10' [m.s .'] 
(ρdv，/μ) A=0.055 A=0.055 A=0.080 A=0.080 [m] 
[m] [-] [kg.m-3] [m.s-1] 1=1.0 1=1.5 1=1.0 1=1.5 [Hz] 
3.18 281 1. 098 8.89 8.33 7.89 8.33 7.50 
(0.94) (0.89) (0.94) (0.84) 
4.80 598 1.200 12.55 11. 67 10.10 11. 41 9.46 
(0.93) (0.80) (0.91) (0.75) 
5.56 716 1. 138 12.97 12.35 10.34 12.24 9.58 
(0.95) (0.80) (0.94) (0.74) 
6.38 928 1.267 14.64 13.95 11.54 13.35 10.27 
(0.95) (0.79 ) (0.91) (0.70 ) 
7.94 1180 1.128 14.97 14.78 12.00 13.82 10.71 
(0.99) (0.80) (0.92) (0.72) 
9.53 1610 1. 102 17.01 16.67 13.22 16.06 11. 54 
(0.98) (0.78) (0.94) (0.68) 
12.70 2281 1. 126 18.08 17.65 13.45 17.65 13.20 
(0.98) (0.74) (0.98) (0.73) 
表-1










[m) ると思われる。また.(1)式は流体振動 0.4 
口:5.56 0: 3.18 6: 4.80 
(= Z 7rfA)が同じであれば速度Aω
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速度Aω の比は Reynolds数， Froude数， (粒径/振幅)，および密度比の関数であった。 (6)式を
次式で表し，各項の指数を求める。
ヤ k(pd，~w )α(子)叩 Y(与とrAω (8) 
指数 α/3，y，δは1つの項に着目し，その他の項を定数においた対数プロットの傾きより
求められる O なお， (8)式の4項目の密度比は定数項とみなして解析した。
5. 1 Reynolds数 (Re)の影響
Re数の指数日を求めるため，第3項 (d/A)を定数とする。粒径と振幅の比を表 2に示す。
表 2中*印の値がd/Aキ0.06と近似しているので，この場合を考える。
つぎに，第 2項Aω2/gを定数とするため，各振幅Aと各角振動数 ωより Aω%を求め表-
31こ示す。表-3中*， **， ***の値が，それぞれAω2/gキ0.22，0.15， 0.10に近似し




5. 2 Froude数 (A(，}/g)の影響
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表-5 、ド均沈降速度干pとFroude数(i¥w:?/日)の関係:(d/ i¥ =0 .06~0. 07) 
Reynolds数 Re [ー] 可X102 [m.s-1) 0.56 1. 13 1.19 
30 - 50 Aω'/gX10' [ー〕 9.95 3.59 3.59 
マ'pX10' [m.s-1) 1. 08 1. 14 1. 76 
60 ~ 80 Aω'/gX10' [ー] 8.05 8.05 4.70 
マpXIO'[m.s-1) 2.63 2.67 〆 3.88 9.24 
200-400 Aω， /gX1ゲ[-) 8.05 8.05 4.70 2.45 
マpX102 [m.s-1) 3.90 9.22 12.94 13.89 
500-1000 Aω'/gX10' [-) 10.6 5.53 3.59 3.59 
一一-'
は直線関係にある。それぞれの場合にたいして，直線の傾き yを求めると，Reニ 50-250では
γニ1.6，Re=250-1000では yニ1.2; Re = 1000 -3000では i'=0.69である O これより ，d/A 




































子均沈降速度 Vpと(粒径/振幅)の関係:(Aω2jg=0.02， Aω=34.6-42.0) 
τデ〈とJ 3.02 4.56 5.34 6.10 9.13 
VpX 10' 50 - 250 0.53 1. 08 1. 05 1. 74 3.07 
(m.s-l] 250 ~ 1000 1. 48 2.73 2.66 3.90 5.89 
1000 - 3000 8.18 11. 8 12.5 14.0 17.8 
表-6
いた(1'今一(S午)t(LYドヂ)"'Aw (9) 
δ=1 y = 2， /J=-l， 13.し， I爵流域
-2<β<-1， 0.5<y<2， 0.5<δ< 1 選移域
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Predicti ve Calculation for Deflections of Reinforced 
Concrete Floor Slabs 
Part 2: Applicationof the Proposed Prediction System 
by Akira SUGINOME， Satoru INo and Yoshizo DOBASHI 
Abstract 
In Part 2 we initially examine how our method tolerably predicts r. c. floor deflections in practice. In an 
effort then needed to set measurement against prediction， as we earlier used test data on slab models， we here 
employ a field set of data which is rare but justifiably representative record of in.citu observation of chronic 
floor deflection progress， toward sagging damage， taken over several years on a spacious multistorey r. c 
building having floor systems with a number of slab panels. And for the purpose of further similar comparison 
the sameset of data is used by our method and by two others both proposed in major r. c. design codes 
The results of thus trying our procedure being substantially comparable to the measured set of data， we 
likewise examine several other reported cases of buildings with floor sagging injuries: whereupon partially in 
accurate construction is rated as the main of their common causes. Also by our method we review the formula 
for limiting slab thickness prescribed in the domestic r. c. design code. Finally we suggest partial reconsidera. 
tion of the equation 
1. Introduction 
Earlier，1) we noted that approximate prediction of longtime deflections of one守 ortwo.way r. c 
floor slabs may be feasib.Ie using Oi!f method then introduced to degrees reasonably comparable to 
actual test measurements. Now needed to be examined is its relative adaptability to more critical 
practical conditions incident to some floor structures sustaining cracking and/or sagging damage; 
where with less controllable concretεquality ordinarily attending their construction， notably the 
effect of bond.slip then can be a more significant consideration than in test models discussed 
already 
In this paper we will make the foregoing required effort in which deflection measurements taken 
on several cases of r. c. buildings with the above types of floor damage are to be compared with 
our corresponding follow.up calculations; and in one case， with appropriate predictions provided 
by the ACI and the CEB Code methods2). :J)， 1). 5) 
And with the result that estimation by our method practically suffices systematic calculation by 
using it of standard slab dimensions will be performed so as to utilize the result to check the cur 
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rent ]apanese Code provisions for allowable slab thickness 
2. Applicabillty Check 
In the following， five cases of buildings with more or less serious trouble of floor def!ection 
damage will be treated. We adopt for the present prediction analysis the original design assump-
tions on loads， material properties and sectional detail unless thereof more reliable or realistic 
data are available. 
Mainly considered in this context are differences of designed structural dimensions from those 
measured in situ referring to the concerned damage investigation_ Additionally assumed for thε 
analysis is a constant proportion， in principle 2. 1 times slab panel self-weight') as is customarily 
adopted， of construction-work load， or， construction load as may more usually be called. 
Table Results of Past Reported Field Investigatigations into Damaged Floor‘S labs and Predictive 
Assumptions for Concrete Properties and Load Intensities 
Desi宵natlOn A (Condominium) B IElem. 5coooll C (Office) D (Office) E (Office) 
Locality Ssat pForaom，eHdo-k9k・a5ldo Furano， Hokkaido SRaCp;p3o-r5 O Kit且mi，Hokkaido R1s 9aC6p0;p5/ o-rO Structure; Storey RC; 9-5 RC; 2-5 S.with Bsmt 
Exec./lnvestgtd. in 1973/1981 1973/1978 1960/1967 1959/1976 1967 
)esigned Slab Cent.-to-Cent. S pan m 4.7ooX7.3oo 4.5∞X6.7∞ 5.4∞X6.0∞ 56.，6O5O0D×56.605∞ 0 7.3∞X7.3∞ 
Hmensions Effective Span 4.4ooX7.。∞ 4.150X6.450 5.000X5.6∞ 6.9∞X6.9∞ Slab Thickness 醐 130 120 120 140 150 
D 
.1easrd. SJab Base Mortar Thcknss 醐 82( 68-96) 17((13~30)  23(((20~26)  ) 
34((8~218027751)  ) ) Hmensions Slab Thickness 119( 90-160) 1021 99-108) 1291111-153 1561141-164 1571107-
(Range of Eff sDredp咽th of Top 51. mrn 65( 47-97 54 57((39~87)  911 85-99 97( 66-
Msrmnt.) Measred. Deflection 35( 22-50 27( 12-38) 491 34-64 40 551 34-
o.lt: 苦凶-End 
Top St聞n 13.9φ 恒(e150 I~. 9φ 併U91150 13.9φ 皇制 陶器2∞ 13.9φ~~∞ 
511 rc:;-Botm. St.mm 9φ250 9φ300 9φ240 9O (al400 9φ2目。ぴ】3 ぴコ Top St間百
;lab Rein- 。トートーBotm. St.mm 
9φ 酔250 9φ (01150 9O @235 13.9ゆ併20日 9O @I∞ 
司司【 J b民~司ω 健 End 
Top St.nun 13.9φ(α200 13.9φ@QS 2∞ 9φ@@ 350 
orぞement トー 一
Botm. St凹 9φ 伊400 9φ400 9O '("'350 
E ω Cen， Top St冊目目。tm.St剛 9φ(u'200 9O ("'2∞ 9O (<場290
;: I ~hort Top St.nun 9φ(α200 9φ 酔2∞ 13.9ゆφ が'350 9 φ 伊酔4 ∞ 9φ@併2∞ 
;昔?目。tm.St.nun 9φ("'200 9φ("'4∞ 90 (<言450 9φ400 9O (al4oo Top St四n 9φ(α250 9φ 伊30日 9O (al.4oo Botm. St醐 9φ(.'250 9φ (al6oo 9φ (al.6oo 
Colmn.IVpper Flr. 500 X ∞ 56030× 560∞ 0 400 X 500 600× 60∞ 0 :olmn./Girder mn'!Lower Flr四 500 X 500 40日X 500 C 
うections& Floor HeiKht 2.700 3.600 3.400 3.600 3.6∞ 
:;'lor Height Girderl Short Span 醐 200 X 1.500 400 X ∞ 350 X 500 4∞X 550 
fur Long Span 岡田 300 X ∞ 400 X 500 350 X 500 400 X 850 
量Inner Top 5t.mm 2-22O 3-22φ φ 4-22φ 6-22O 
戸旦d 目。tm.5t剛 2-22φ 2-22 2-22O 2-22φ ~einforcement 
ま邑ー Center Top 5t 町田 2-22φ 2-22φ φ 2-22O 4-22O )f Girders io Botm.5t.mm 2-22O 3-22O 4-22O 
)irections of 量Both Top 5t聞n 4-22φ.3-22φ 5222φ φ 
∞ Ends Botm.5t.mr百 3-22φ.2-22φ 4-2 " ! jCenter Top St醐 2-22φ 23-22φ φ Botm. St.mm 3-22 .
Comprot5rntnd rRMEthtrh e kK同9g//dC四zf 
180 188 15 0 1818 0 210. 180. 150 
ごoncrete Tens. S 18 18.8 21. 18. 15 A¥'rg. Bond Stress 10.8 11.3 9' 10.8 12.6. 10.8. 
コroperties Other Material Elastic Modulus=210.0叩 2kg; /・叩2z C (exc eCp t 0 E Us i n. 4gC o dev a l u e s )3; Modu l a r R a t i o =10;Poi sSOIlV Ratio=O， reeap b ef，=4for S l abs& ，8for G i rders， Pl'operties 
.2 Shrinkage Strain=O.O叩5for 5lab. and 0.0∞42 for Girders; Conc. Slump=20 cl 
_oads 事3 I~。開m刷n昭，.川t凶凶凶凶R削仰s討 刷t岡}hMm、U山"珂n晴3明席Ir町耐Y地廿1. 旬./出m 640  80 I∞ 100 100守 2∞300184 56 66 88 
L立担型E三~叩
河ote;with 
-faRos 1er MCl DCm岨eHaSsuFtre zmd ELC d，So=apHdla5o口5An田%ens，g山suOmUtehed sexrd ts-務 組 日 日日[llustration )f Ideal i zed Svstems 判¥r. of Difference Sub・
divi旦血
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2.1 AしongObserved Case of Floor Construction with Sagging Damage 
This is such a rare instance of def!ectiort damage to th日floorsystems of a public service office 
building in Sapporo， Hokkaido， as was fortunately able to be observed for about six years follow-
ing the year after its executionB)，9) 
In Table 1 are shown on its floor slabs， referring to Case E therein， desi耳ndetails on material 
properties and both overall and sectional dimensions together with in-situ mcasurements corre 
ponding to them 
According to our investigation a wide scattering is noticed of slab thickness and end top rein-
forcement leveL Also actual imposed live load amounts were significantly different from a floor or 
floor section to another depending on what type of service had occupied it. Connectedly as varied 
were degrees of deflections of its slab panels as imposed load amount. The predictive calculation 
assumed， other than the above.mentioned construction load， alternative amounts of live load of 100 










80 o 0.1 0.2 
Relative Frequency 
Fig， 1， Measured and Calculated Progress of Midpanel Deflection of a Floor Slab in an Office Building; 
with Population Number as Investigated Total 
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The annual distributions of frequency of measured deflection values are diagrammed and the 
corresponding average points plotted in Fig. 1， along with the interpolation curves drawn through 
them; though the distribution ranges are varied due to unstat】lelatitude given in our selecting ac-
cessible part of the floor spaces in service 
Duly to be provided for this predictive trial is that al the related assumptions are madεagam 
the same as were in Part 1 on analyzing the test results; the eventual prediction data are to serve 
for the following observations 
As concerns the observed deflection progress set against its follow.up counterpart the overall 
degree of agreement between both types of data is seen in Fig. 1 to be comparable fairly to that in 
the three prior test examples. Likewise the agr巳ementtends to be much better in later part of load-
ing periods than in earlier stage as appreciably true of Figs. 6 through 8 of Part 1.1) 
2.2 Comparison with Prediction by Code Methods 
Respecting al the cases of structure we have so far discussed Table 2 compares measurements 
of their terminative longtime deflection， experimentally here regarded as those at the end of long 
term loading. with the equivalent calculations by our current method. and with predictions by two 
major building code methods from the ACI's and CEB's appropriate design manuals 
In contrast with our predictions the two latter sets of estimation are considerably lower than 
the measured values. The difference is considered to be caused by the ruled out bond-slip effect in 
the codεmethods. And accordingly， the corresponding results obtained by our method ignoring 
that type of effect are found. also occupying Table 2 in parentheses. to be practically of the order 
of the measurements. The slight difference may be owing to the disparity between such basic sets 
of design assumptions in our procedure and the quoted code methods as of orthogonal anisotropy. 
effective width of T-beams or others 
2.3 Examining Reported Cases of Damaged Foor Structure 
Our initially intended prediction analysis of damaged practical examples is to be made while 
mainly assuming observed construction inaccuracies and the customarily adopted amounts of con 
struction load 
2.3.1 Objects and Main A叩 lyticalDetail 
The introduced cases. each from five r. c. or steel framed r. c. buildings here labeled alphabeti 
cally A through E. al consisting of slab-girder floor systems without beams. built into multistorey 
main girder-column frames 
These past instances have any of the usual types of structural defects inhering in both their de 
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Table 2 Measured Floor Deflections on First 01 Discussed Buildings; as against Predictions by Authors' Method 
and those by Two Code Methods 
A耳e Rel. Measrd 
Objects in Huini-
dity Deflection Comparison 
(days) (%) (mm) 
同、






C Two-Way (A) 560 14.5 
a回 by Tokyu Lab. 00 ω 70 」eコd 
rwo-Way (B) 560 20.0 
ぴコ by Tokyu Lab. 00 
マコ
'" ; Two-Way by 245 65 6.3 。 B. C. S. 00 ト
吋コ 】 Damaged *4 56 F 司ωtEJ 。 55 
L.t.的 Slabs (31-71) 
* 1 Measured Values at 3000 days 01 Age 
* 3 Predictions given as Averg. for Two Different r b 
Values 
Predictions (mm) 
by Method of: 
Authors ・2 ACI CEB 
23.5(14.2) 11. 2 12.4 
15.8( 9.3) 7.3 8.5 
17.6(10.5) *3 8.3 9.6 
21.1 (12.7) 10.0 11.2 
20.6(13.5) *3 11.8 1.1 
24.906.5) 14.6 13.3 
6.4( 4.9) 5.0 4.3 
9.5( 7.4) 7.7 6.4 
47.1(32.7) 26.9 32.7 
64.1(44.7) 40.7 37.0 
* 2 Parenthethized referring to 19nored Bond.Slip 
* 4 Prediction assuming 100 and 300 kg/m2 01 Live 
Loads lor respective Upper and Lower of Paired 
Entries 
sign and the effected construction process， including excessively lowered end.top reinforcement as 
in cases A through E， slab panels executed with less than design thickness for A and B， overthick. 
ness of mortar base for finishing materials， as to B， and partly curtailed required additional rein. 
forcement as observed in case C; hence being chosen here to be typical of floors with comparative. 
ly aggravated degrees of deflection damage 
The designed and partly observed structural detail on al the slab panels in point are shown in 
Table 1 as explained in Section 2.1 likewise about case E 
Calculating their initial deflections heeding flexural cracking and effect of their continuity to ad 
joining structural elements assumes their boundary conditions as illustrated at the foot of the 
table， with fixity and continuity respectively marked by shade and thick lines 
Otherwise a column top and bottom are treated as being rigidly fixed at both foor levels just 
above and below the consider巴dadjoining slab. Working out initial deflections， those due to bond. 
slip of the steel and those owing to the creep and shrinkage effects presupposes longtime sustained 
loads of Table 1， while both flexural and torsional stiffnesses of slab and beam elements taking 
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垂直および水平振動場における単一球の沈降速度
表 2 (粒任/振幅)の値:(d/A)XI02 
日三 3.17 4.79 5.61 6.40 9.59 12.76 
0.055 5.76* 8.71 10.20 11.64 17.44 23.20 
0.080 3.96 5.99ラ 7.01 8.00 11. 99 15.95 
0.105 3.02 4.5日 5.34 6.10* 9.13 12. 15 
*: d/Aと 0.06
表-3 Froude数の値:(Aω2/g)X 102 
~¥¥¥~¥ '角振動数 w[rad.s-1) 0.67口 ロ 1..n口 1. 67ロ 2I1 
(振動数) f [Hz) (0.333) (0.50) (0.667) (0.833) (1. 0) 
振幅A[m) ¥¥¥ 
0.055 2.45 5.53 9.95*** 15.28** 22.15本
[23.0J [28.9 J [34.6J 
0.080 3.59 8.05 14.45*瀦 22.19* 
[33.4J [42.0J 
0.105 4.70 10.51!*鼠潔 18.74 
[33.0J 
[ ) Aω* :0.22 **: 0.15 ***: 0.10 
表-4 、|ぺ均沈降速度 VpとReynolds数(ρdAω/μ)の関係:(d/Aヰ 0.06)
Aω2/g=0.10 Aw2/g=0.15 Aω2/g=0.幻
vpXHf[m.s-1) 10.56 1.81 3.90 9.13 15.09 11.20 8.66 12.70 11.74 8.66 12.42 14.04 
ρdAω/μ 〔ー 139.0 112.6 516.4 725.8 2097.1185.7 906.4 1595.11150.2 1088.0 1992.1 2797.3 
d/Aを一定にして， Re数を 4区分して，Vp とAω2/gの関係を整理したのが表-5である。
表-5の関係を凶 6に示す。いずれの Re数にたいしても，VpとAω2/引の聞には，直線関係
が存在する。最小二乗法により，各直線の傾き β を求めると， Re=30~50で、は ß= ー 0.72 ， Re 





Aω%キ0.22，A ω=34.6~42.0 を一定にし， Re数を 3区分して，らとd/Aの関係を整理し
たのが表-6である O 表...，.6の関係を凶一7に示す。いずれの Re数にたいしても，Vpとd/A
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account of their flexural cracking are decided on the basis of th巴 effectivemoment of inertia 
obtained by use of a construction load taken as the available maximum readin耳ofcorresponding 
records of loading hysteresis envelopes 
A construction load is assumed herein at the introduced amount as a rule unless its more de 
tailed treatment is possible. Then， such a load is supposed to be slab selrweight for the considered 
floor plus l.1 times that for the n巴xtupper， using its designed or measured average slab thickness 
respectively when the latter thickness is smaller than the former or not 
Notably， for the second-floor slabs in a two←storey case a construction load of slab self-weight 
plus roof load plus form self-weight amounting to 80 kg per sqm which corresponds to the most 
adverse condition possible of the first floor when it undergoes the whole upper floor construction 
loads via the shoring 
2.3.2 Discussi仰 onCalculatioηResults in Comparison 
In Table 3 are shown predicted causally different portions of the longtime deflection obtained 
using average measured slab thickness and taking account of observed construction accuracy. and 
also entered beneath parts of them are their equivalents obtained for three cases with differing 
values of the cited factors in question， for the purpose of examining the effect， on relevant predic 
tions， of comparatively scattered degrees of construction inaccuracy in the case of building A and 
the changes in concrete strength and in amount of construction or longtime sustained load in case 
E construction. AB for case B structre， where relatively thin slabs have thick mortar layers， en 
Table 3 Predicted Deflections taking account of Inaccurate Construction 
Measurements Concr Load Elasti c Initia! Lonl tec i me Final 
sω 吋 Deflection Deflection Deflection 
μ ロ Slab ト:fect¥' Compr Constr Long- Deflec-Cracking Bond Slip Creep Shrinka官ezム=ムI
む弘口 Thick司 Depth of 
日trgth Load Time t¥On Efect Efect +ム討Efect Efect 
ぴコ nes Top SteJ Sust 十ム叩
間 問 kq/cnr kq/ポ kq/ni乙 ζ:-'e m どミim 6~ mr ζ;'CT m ぷ斗汚， m 十ム"
130 105 655 412 0.9 1.2 0.5 6.0 3.4 11.1 
1訓) 80 655 412 0.9 1.1 1.6 9.5 3.4 15.6 
A 13日 55 18口 655 412 0.9 1.1 5.8 24.1 3.4 34.4 
115 55 619 376 1.2 1.8 4.8 22.9 4.1 33.6 
100 55 583 340 1.6 3.0 4.2 24.8 5.0 37.0 
B 102 54 188 613 509 2.7 5.0 6.4 38.3 4.8 54.5 
184 54 0.6 0.8 6.2 23.4 2.2 32.6 
C 129 57 15日 650 464 2.1 5.7 7.3 38.0 4.4 55.4 
D 156 91 180 829 541 1.7 2.6 4.5 23.8 4.0 34.9 
210 791 565 :S.L 4.4 1.9 23.3 7.4 37.0 
180 791 565 3.4 5.4 2.0 27.6 7.4 42.4 
150 791 565 3.7 7.1 2.4 35.2 7.4 52.1 
E 157 97 180 659 565 3.4 4.9 1.9 24.9 7.4 39.1 
180 923 565 3.4 6.0 2.4 35.3 7.4 51.1 
180 791 665 4.0 6.7 2.4 33.6 7.4 50.1 
180 791 765 4.6 8.7 2.5 41.3 7.4 59.9 
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tries are made of calculated deflection values using an assumed slab thickness with depth of base 
mortar counted in it， though serving as simplified criteria for upper bounds on those effects of 
added stiffness owing to that nonstructural material which otherwise would have to account for its 
own strength and bonding property 
In Figs. 2 and 3， using buildings A and E as typical examples the plotted degrees of respective 
effects of construction accuracy， slab thickness， both for case A， and concrete strength as well as 
construction. and longtime.load intensities， for case E， on the predicted deflection values are compa 
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Effect of Variations in Concrete strength and Load 
lntensity on F'loor S lab Deflecitions for Case E 
Checking Japanese R. C. Code Provisions for Slab Thickeness 
The requirements for floor slab thickness in the latest revised codel by Architectural Instute of 
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Table 4 Dimensions of Model Slabs used for our Reviewing Domestic Code's 
Slab Thickness Provisions 
Slab Dimensions Tens. Steel % Initial Longtime Final Deflection Deflection Deflection 
Elastic 
Short Aspect Thick- Short Edge Long Edge Def!ec-
ness Direction Direction t100 
Span ratlo 
lx:m λ t . mrn End Cent End Cent 正斗e.mm 
3.500 1.0 85 0.40 0.31 0.60 
1.5 105 0.37 0.28 0.25 0.25 0.62 
2.0 105 0.40 0.30 0.26 0.20 0.72 
4.000 1.0 100 0.34 0.27 0.69 
1.5 120 0.32 0.25 0.22 0.18 0.78 
2.0 125 0.33 0.25 0.22 0.17 0.82 
ι500 1.0 120 0.28 0.22 0.72 
1.5 140 0.28 0.21 0.19 0.15 0.87 
2.0 145 0.38 0.29 0.19 0.15 0.93 
5.000 1.0 135 0.25 0.20 0.84 
1.5 160 0.32 0.25 0.21 0.17 0.98 
2.0 165 0.34 0.25 0.20 0.16 1.06 
5.500 1.0 150 0.30 0.24 0.96 
1.5 180 0.29 0.22 0.19 0.15 1.10 
2.0 185 0.30 0.22 0.18 0.14 1.20 
6.000 1.0 170 0.26 0.21 1.02 
1.5 200 0.34 0.21 0.22 0.15 1.23 
2.0 210 0.34 0.21 0.21 0.14 1.28 
Note -- The above prediction assumes 
1) deformed steel rods of com b】nedD13 and D10; 
2) distance d'=35m from extreme compression/ 
tension fiber to centroid of compress./tension 
steel; 
3) parenthesized values due to bond-slip， including 
its secondary effect 00 creeping， i.e.， 
ム，+ムcp・d，/(ム汁ム，);
4) construction load=2.1 times slab self-weight; 
5) longtime sustained load actual imposed load 
of 60kg/d plus weight of finishing materials of 
自句/rf; 
due to due to due to due to lム=ム1
Crack- Bond Creep Shrink- +ムs
mg Slip age +ムcp
6i :mm ム， .~ ムcr:mm 6.sh : mm +ム，h
0.6 1.0 5.8 2.6 10.0(4.6) 
0.7 0.6 4.6 2.4 8.3(2.7) 
0.9 0.7 5.7 2.3 9.6(3.1) 
0.7 0.8 5.7 2.8 10.0(3.7) 
0.9 。7 6.0 2.6 10.2(3.3) 
1.0 0.7 6.4 2.4 10.5(3.2) 
0.8 。7 5.5 2.7 9.7(3.2) 
1.0 0.8 6.8 2.1 10.7(3.7) 
1.2 0.5 6.5 2.8 11.0(2.4) 
0.9 0.7 6.3 2.8 10.7(3.5) 
1.2 0.5 6.5 2.9 11.1 (2.4) 
1.4 0.5 7.3 2.7 11.9(2.5) 
1.1 0.5 6.1 3.2 10.9(2.4) 
1.4 0.6 7.5 3.0 12.5(2.9) 
1.7 0.7 8.8 2.8 14.0(3.2) 
1.2 0.5 6.6 3.2 11.5(2.5)¥ 
1.6 0.5 7.9 3.0 13.0(2.3) 
1.9 0.5 9.3 2.8 14.5(2.6) 
6) for concrete: compr. strength 210kg/cm~ tesile 
strength 21kg/叩t，average bond stress 21kg/cni'， 
elastic modulus 210000kg/cm~ Poisson's ratio 0.2， 
modular ratio 10， creep .coefficient 4.4 and 
shrinkage strain of 0.0005; and 
7) difference subdivision; into squares; numbering 
20 for short edge of slab panel 
Japan (A: 1. J.) have been improved as compared with its earlier versions， respecting how slab 
panels of comperatively large span and structur巴sunder a large amount of live load should be tre-
ated， generally being based on the design concepts of serviceability limits of deflections. However， 
it has been known there can be cases of limiting thickness getting smaller than the corresponding 
earlier code values when it comes to floor slabs of dwelling use sustaining relatively small 
amounts of live load and having panel span length less than 4.5 m. Also in one of our already pre-
sented report notice was taken of a case of highrise steel framed r. c. condominium 7) whose floor 
slabs suffered deflection damage in spite of their panel width being relatively small and their 
panel thickness conforming to the existing relevant Code limitations. 
In order to serve for their reviewal implied just above the corresponding efforts will now be 
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made to examine the longtime deflections of floor slabs designed and executed in compliance with 
them. 
3.1 Calculation 
In a trial calculation complying with the existing Code requirements slab thickness and rein 
forcement are worked out as shown in Table 4 for slab panel examples for residential use which 
implies their being notably sensitive to the limiting conditions for their serviceability 
Herein referred to as standard slabs， the sample structures number eighteen in total with their 
short-edge length ranging from 3.5 to 6.0 m at 0.5 m intervals， each variety having three aspect 
ratios of 1.0， 1.5 and 2.0. At the same time such effects as of lowered reinforcement due to con-
struction inaccuracy or of increases in both reinforcement ratio and slab thickness are examined， 
by way of deflection damage prevention， on two standard slabs with an aspect ratio of 1.5 and re 
spective short-edge lengths of 4.0 and 5.5 m， with both above parameters given three reference 
values. The associated calculation of terminative longtime deflection， hereafter simply quoted as 
final d巴f1ection，assumes all-edge built-in slabs and either loads acting thereon or physical prop 
erties of the used inaterials defined in the footnote to Table 4 
3.2 Examining Calculated Resuits in Comparison 
As seen in that table， with increases in short-span length， merely called span or span length 
from now on， or in aspect ratio， values of final deflection tend to increase gradually， however for 
smaller span lengths the correlation between rεlative or absolute slab proportions and final deflec-
tion is not always distinct owing to the pertinent design's rounding off slab thickness and bar 
spacing for fractions respectively below 10 and 100mm. Especially for spans less than 4.5 m， for 
which the latest Code provisions remain the same as earlier， there seems no noticeable inter 
dependence between the aspect ratio and the final【leflectionand hence considerations here will be 
Iimited mainly to span/deflection concerns 
In practice， the taken average of final deflection values obtained for any three standard struc 
tures with an equal span and different aspεct ratios of 1.0， 1.5 and 2.0 was plotted for each pre-
ceding varied span length to result in Figs. 4 through 7， inwhich， as a result of deflection values， 
once scattered due to the citεd rounding of design dimensions， being now levelled off the following 
relations has be印 indicatedbetween the span length and the predicted final deflection 
First of al may be that as span lengths get smaller so do final-deflection values as shown in Fig 
4. Next， on the contrary， the ratio of final deflection to span length or to elasticdeflection in-
creases with decreasing span length as noted in Figs. 5 and， causing this tendency， the last is that 
with the smaller span length， i. e.， with decrεasing slab thickness， the greater becomes the ratio re 
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lative to a final deflection of that portion of it associated with bond-slip of reinforcement; which 
inclination is observed in Fig. 7 
Fig. 8 gives a typical example of what degree of influence the preceding lowering of end-top 
reinforcement might have on the final deflection， Increased values of final deflection of standard 
slabs e. g. of 120 and 180 mm thickness due to a 30 mm lowering of end-top reinforcement come 
up to respectively ca. 2.7 and a little less than 1.3 times those amounts for their normally rein-
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30 Standard Slabs' Dimensions: 








Standard Slabs' Dimensions: 
(see a!so Tab!e 4) 




Fig. 8. Effect of Stel Ratio and Lowered Top Ste! Level on Fina! Deflection 
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Fig. 9. Effect of S!ab Thickness on Final Deflection 
inforcement level the smaller the thickness becomes. 
forced correspondents， indicating the deflection comes to be more sensitive to a change in re 
3.3 Observed Irrelevancy of Code Thickness Formula in Practice 
The ratio of a final deflection to its immediate elastic portion tends to increase as the span 
length decreases， because the attendant reduction in the effective depth of endtop reinforcement 
facilitates its bond-slip 
Accordingly， ifthe final deflection is predicted to be its elastic portion multiplied by a constant 
factor， ruled by the present Code principle， the final deflections of floor slabs with comparatively 
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small spans are liable to be underestimated， the result being the likelihood of a designed floor 
panel with a limiting slab thickness smaller than practically needed， 
Moreover， thinner f100r slabs are more sensitive to the lowering of reinforcement， having the 
possibility that a small amount of construction inaccuracy may cause their deflection damage， Thus 
its prevention should be assured by such means as maintaining normal top reinforcement levels 
using bar supports or chairs and， in case of using the code formula for the limiting thickness of a 
slab， introducing any factor affecting its design thickness depending on the intended use of the 
f100r space in consideration 
For two cases of standard slabs of relatively large and small proportions how their final deflec 
tions decrease is followed as their thicknesses gradually increase and its consequence shown in 
Fig， 9， Therefrom it ensues that only a slight increase in slab thickness can result in a substantial 
decrease in the value of the final deflection 
Also as effective is using a larger amount of the end勾topreinforcement than that designed in the 
case of structures with gmaller spans in order to refrain the bond-slip effects beforehand (e. g. see 
Fig.8). 
While in some r. c. design codes in other countries def!ection limits provided for for floor panels 
to be used under comparatively exacting conditions are set half these values for the same struc-
tures for general use it seems necessary for the discussed code to introduce similar measures to 
thos巴 aboveagainst hazards of d巴flectiondamage at least for certain types of buildings sensive 
thereto inc1uding ones having spacious public rooms of ]apanese style 
4. Conclusion 
It has been shown through our reports that f!oor slab deflections have come to be more r四 son-
ably estimated， inc1uding those on a f!oor construction subject to crackin立and/ordef!ection dam 
age， than by the methods most frequently in use which tend to underestimate the def!ection. 
In conclusion it may be said that our analytical procedure can help account for the causes of 
usual types of slab def!ection injuries by numerically simulating in substance their experimental 
treatment which is discouragingly difficult for economic and other crucial reasons to reproduce 
and in the main has been replaced by their occasional fiεld observation alonε. 
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An Experimental Study on Power Characteristics of a Small Wind Turbine 
Responding to Wind Fluctuations 
K. OKUDA and H. Y AMAGISHI 
Abstract 
Some of the problems relating between wind power estimates and the power characteristics of a small wind 
turbine are examined at MIT wind power site. Muroran 
The results obtained are as follows: 
(1) The Weibull probability density function can be used as a good model for wind speed distributions 
(2) This model facilitates the computation of the mean wind power density with errors of several % 
(3) Operating coefficients and power coefficients of the wind turbine are also calculated during test periods. 
Operating coefficients are high in prevailing wind periods. while power coefficients are high in less turbu 
lent wind periods 
(4) Higher mean wind power densities will be estimated when 
la) mean wind speed will be higher. 












































/(u)=414m 16xp(-t) (1) 
ここで，/(u) :風速U の現われる確率密度関

















m< 1 のとき Uニ Oで最頻数をとる
U の減少関数，
m=l では 指数関数となる。また
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month μ(m/s) i1(m/s) error 
July 1.14 1.19 4.4% 
August 1.17 1.22 4.3% 
September 1.19 1.25 5.0% 
October 1.38 1.44 4.3% 
November 1. 71 1. 77 3.5% 
表-2 風速の3乗の平均の実測値と計算値および誤差
month E(u') (m/s') E(u')(m'fs") error 
July 4.222 5.252 24.4% 
August 5.473 5.777 5.6% 
September 3.507 3.721 6.1% 
October 6.372 6.906 8.4% 




図5に 7月， 8月…・・・， 11月の風速頻度分布の実測値 1時間平均値の30日分のデータと，
それらにより計算した最も適合するワイブル分布曲線を，それぞれ(a)，(b)，……， (e)として示し
た。これらより見れば，ワイブル分布関数は，それぞれ実際の風速頻度分布をよく表現している
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ミ~ミ 。2.5 3.0 3.5 4.0 
JULY 22.4 11.0 6.6 2.9 1.5 
AUGUST 24.2 11.8 7.6 4.2 2.5 
SEPTEMBER 24.2 7.6 4.6 2.0 1.1 
OCTOBER 22.6 14.4 10.7 6.1 3.7 















¥¥々と 。2.5 3.0 3.5 4.0 
JULY 3.8 5.1 6.1 7.5 7.7 
AUCUST 9.8 10.5 10.7 10.2 9.6 
SEPTEMBER 12.6 12.2 12.3 9.7 9.1 
OCTOBER 5.8 6.9 7.3 7.8 7.7 













(出力係数)= 一一 XlOO (計数始風速以上の風のもつ全エネルギ)
(% ) 




























2.3 2 6 0.1 1 0 0.0 5 1 6 4目1 1.0 0 
2.5 5 8 0.1 1 8 0.1 0 5 1 5 5.6 2.4 3 
1 648 00 7 6 0.1 2 2 7 5.0 1.1 7 
26 9 9 01 44 00 6 9 1 0 4.2 1.63 
58 5 6 0.2 0 7 0.0 3 7 2 2 0.2 3.4 4 
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Position Control of a Ball and Beam System 
Mitsuhisa YAMASHITA， Yuzuru KUBOTA， and Hiromitsu HIKITA 
Abstract 
In this paper， the position control of a ball rolling on a grooved beam is considered. 
A controller is constructed with two subcontrollers: the utmost compensator type controller and a load insensi 
tive position servo controller 
























M:ポール質量 Re :ポール半径 r ポールのころがり半径
Ms :ビーム質量 1 B :ビームの慣性モーメント













x4 = (M 'g'x，-MB' g' h 'x3 -D'x4 + KT 'x5)/;3 
x5エ (-KE'x4-R'x5+μ'u)!L 
ここで
2，R ワ O つ
α=l+E(7)Z，β=IB + lM+ M(x;)~ 













































































M: 0.7365 (Kg) RB : 0.0158 (m) 
r : O.01368 (m) Mo : 0.7365 (Kg) 
1. : 3. 559xl0-ε(Kg'm2) h: 0.0236(m) 
K， : 3.234 (e'i' m/A) 
KE : 6. 49xl0-2 (V'sec/rad) 


































0.16 G.Js)= I 'A .¥?一一一一"¥¥?(s十0.4)~( s十1.り)一 (8) 
とする。これは，ボールがすべらずころがるための拘束条件(1& 1三 0.81'ad/日，lを満足してい
る。制御器の各係数は，
N=0.02512， Mo=-0.4333， M1=一 0.1758，L1=-2.8， 00=01=0.0 
である O
ii)電気サーボの制御器





G/I(S)= (s+200 )2 (9) 
このとき，位置サーボ系に振動極は生じない。制御器の各係数を示す。
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Simulation of Rotary Snow Plow 
Yuzuru KUBOTA， Mitsuhisa YAMASHITA， Hiromitsu HIKITA and Tomiji WATABE 
Abstract 
Rotary snowplows are widely uscd for removing snow from pavements， roadways， freeways etc 
In this paper. the motion of a rotary snowplow was simulated to improve the working efficiency of the en. 
耳目le.The dynamic beh♀viour of each part of the rotary snowplow was modeled so that the block diagram of 
the whole system was derived 

























































































TE-Tw=(h+1bゆ十1r/k])・一一三+(ん+fbT+ん/k1)'nE '1- v rJl d t ~ x • Vl' -' ，]-' 
Tr; :エンジントルク(kgf'm) TLE :エンジン負荷トルク (kgf'm)
h:エンジン直結部回転慣性モーメント j旬:ブロワ駆動油圧ポンプ回転慣性モーメント
(kgf'm.i) (kgf'm.i) 
1rp : :走行軸駆動油圧ポンプ回転慣性モ k]:エンジン・走行油圧ポンプ問歯車減速比
メント (kgf'm.i)








NE=-" ← (TE-TLE) (2) 
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ロ y ト減圧弁 KWRZ6Sで電流制御する。このサーボ系に関しては他の動作系に比べて，応答が
速いと思われるので比例するものとする。
ブロワ油圧ポンプ流量に閲して，
tan fY ， 









υ ぃ αt 叩 ド川
，1 "作動油の!王縮率 (cm2/kgf)
ブロワ油!正モータ流話一に関して，





P" 管路内!五)J (kgf/cm2) 






久保田 譲・ ilJ -1'光久・疋間以、光. I支部広治
nhm モータ回転角速度 (rad/s)
Cbm 圧力によるもれ分 (cm5/kgf. s ) 
ブロワ油圧モータトルクに関して，
kom 回転によるもれ分 (cm:l/rad)
Thm = (Dhmー たTbm).P/J-B1m1n，ml (8) 






Tht ポンプ消費トルク (kgf・cm) kTb!， トルク損失係数 (cmヨ/rad)
ブロワ油圧モータ駆動軸に関して，
dn 
Tム'"-k""T川こ1" 竺 +B hl• n h"， (j見




1bm ブロワモータ回転慣性モーメント 1st 遊足歯車等慣性モーメント
(kgf・cm・S2) (kgf・cm'S2) 
1h ブロワ回転慣性モーメント











































Sw=9 川 XlO-1・民-N; 72 
395 
久保問 己主 ・ 11 下 光 久 疋
?
虫、 光 iJ rι IH ?rl' 
ここで， 除雪量 Mv(tun/h)とブロワ軸負荷トルクは
σ:雪密度 (g/cm3) B :除雪幅(m)
(12) Mj=1000・σ・B'H'V

















雪 雪密度 0.30 g/cm3 
条 除雪幅 2.6 聞
件
ザンアリけ‘時間 0.05 sec 
常l
プ ア日ワ回転数 350 r.p.m 
御 ロ 比例ドイン
ワ 積分時間 sec 
条
車 Iンシコ回転数 2000 r.p.m 
件 比例"" ，{) 0.02 










TY=AJ V-トB，'H+C，/σkll (15) 










































図-11 最大負1W式によるシミュレー ション結果 図-12 最小負荷式によるシミュレー ション結果
走行速度制御はエンジン凶転数入力によるもので，
ef(/1)-CJe(町一1) 
θ，(η)ニf(ゅ !e，(η)十Tr!J-'-' + fJ，(/1-1) ザ ム
e J， (日)=Nr(n) -Neo 
θr(/1)， fJ，(/1-1) :/1および、(/1-1)剖1寺の市 K，t 比例ゲイン
御出力 TrU 微分時間







久保田 議・ 1 下光久・疋田弘光・渡部富治
図-13 実験結果
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可変ギャップ電極を用いたトンネル電流の検出
安達 洋 加藤達幸 鈴木和郎
A Study of Tunneling Current through A variable Gap in A Liquid 
日iroshi Adachi， Tatuyuki Katoh and Kaazuo Suzuki 
Abstract 
Scanning tunneling microscopes have potential in surface analysis and are believed to be able to operate in 
an insulating liquid. A similar electrode structure to a scanning tunneling microscope was made and fun 
damental characteristics of tunneling current through an insulating liquid was examined. Measurements of the 
tunneling barrier shows that there is no evident difference between the tunneling currents of air and of the li-
quid. Although this evidence is far from the authors' expectation， this gives a confirmation that images of scan-
ning tunneling microscopes obtained in insulating liquids can be interpreted by the same way as in vacuum. 
1 .はじめに



















































































WKB近似法を用いて計算した結果によると6) S Metal 1 
図-2(a) 電圧を正IJ加していない時の二つの
J-CVexp( -Aい1/2S ) 
金属の聞のポテンシャル障壁の凶
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A: High gain amplifier for 
electrometer use (Keithley 301) 
L : Log ampl ifier 
O:Oscillator (1Hz. 5Vpp) 
C:Capacitor (4.7μm . 500V) 
R: Registor (100 kn) 
405 



















(a) X: lv Idiv (.:， 7A Idiv) 
(Applied Voltage of Piezo Drive) 




(Applied Vo!tage of Piezo Drive) 
Y: 5v Idiv (= ldecade I div) 
(Qvミ 5xlO-9A)









X: lv/div (7A Idiv) 
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度の値をもっ C 闘の 7結果はこれよりはるかに低い値を示している。この原因はいまのところ明
らかではないが，一般に金属の表面が汚れると仕事関数が低くなる傾向にあるので，ここでもそ
の効果が現れているものと推定している。 Binnig達が初期に発表した結果でも同じような傾向
20 (0 ) From separate to contact 
(Au-Au in air) 20 
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